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THE ROLE OF THE CARRIER IN THE FORMATION OF 
COMPLETE ANTIGENS 


R. L. Mayer, M.D., Summit, N. J. 
WITH THE TECHNICAL ASSISTANCE OF D. JACONIA 


UMEROUS chemical substances produce skin sensitizations of the delayed 

type with great regularity upon epidermal or intradermal application to 
guinea pigs; among the particularly strong sensitizers are primulin, para- 
phenylenediamine, phenylhydrazine, picryl chloride, 2,4-dinitrochlorobenzene, 
and others. However, sensitization by the epidermal route leads not only to 
the delayed type of hypersensitiveness, but also, as Landsteiner and Chase’ 
and Chase? have demonstrated, to allergies of the immediate or anaphylactic 
type, which is demonstrable by challenge with the corresponding hapten- 
protein complex. 

Parenteral administration of these same substances, as for instance by 
intraperitoneal or intravenous injection, under careful avoidance of contact 
with the epidermis, produces regularly sensitizations of the immediate type, 
but only occasionally sensitizations of the delayed type. However, if the 
parenteral preparation is accompanied by a simultaneous administration of 
certain unspecific adjuvants, particularly killed mycobacteria suspended in 
paraffin oil (Freund’s adjuvant) or certain myeobacterial waxes, the intensity 
and the frequeney of epidermal sensitizations increase considerably. Using 
mycobacteria, for instance, as the adjuvant, sensitizations of the delayed type 
in inereased number and intensity were obtained when guinea pigs were sensi- 
tized to pieryl chloride,’ egg albumin,‘ and tuberculin.® 

Landsteiner and Chase! ? have proposed various explanations for this de- 
laved-reactivity-promoting action of tubercle bacilli or their lipopolysaccharides, 
such as an improvement of the antigenic effect, an enhancement of sensitiza- 
tion, or a modification of the response to antigens. Raffel*° believes that the 
adjuvant brings about an actual modification of the allergic response. 
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We have never, in all our previous studies of experimental sensitizations, 
found an adjuvant capable of effecting any qualitative change of an allergic 
response, particularly a substitution of the delayed type of sensitization for 
the immediate type. One ean readily observe skin sensitizations of the de- 
layed type after the parenteral injection of sensitizing agents in the absence 
of adjuvant, although in smaller numbers and lesser strength than in the pres- 
ence of appropriate adjuvants. Tuberculin alone is likewise eapable, under 
favorable conditions, of producing typical tuberculin hypersensitivity of the 
delayed type. 

In a previous publication, the following explanation of the sensitization- 
promoting effect of certain adjuvants was proposed’: 

All chemicals of low molecular weight which are frequent causes of skin 
allergies, such as pieryl chloride, paraphenylenediamine, and many other 
simple chemicals, are haptens which become complete antigens and true sensi- 
tizers only when they are attached to carriers of high molecular weight. Most 
of these haptens, or their metabolites, are chemically reactive and firmly com- 
bine with proteins—in fact, with any kind of protein they may encounter at 
the point of introduction into the body. When a hapten is injected into 
the skin, it there encounters two predominant types of protein, namely, 
collagen and keratin (and their precursors), both of which are _ fibroid 
and rigid proteins with which the hapten will combine, often under formation 
of cross-links. If, however, this same hapten is injected intraperitoneally, it 
will come in contact with very little collagen and no keratin at all. It will, 
however, encounter almost exclusively the globular proteins, albumins and 
elobulins, and will combine with them to form complete antigens. 

The presence of tubercle bacilli and waxes in the peritoneal cavity and in 
close proximity to the haptens provides the hapten with collagen and thereby 
enables it to form complete antigens containing fibroid proteins. Mvyeobacteria 
and their waxes produce at the site of deposition tubercles composed 
of epithelioid and giant cells. In these tubercles, collagen is formed 
and accumulated at a very early stage. In the presence of mycobacteria, 
collagen is thus accumulated at sites which are normally very low in 
collagen content (the normal collagen content of the organs is about 4» 
that of skin). If, therefore, pieryl chloride is injected intraperitoneally 
together with a tubercle-producing adjuvant, it will encounter in its quest for 
a carrier with which it can combine to form a complete antigen not only the 
proteins which are normally abundant in the peritoneal cavity, namely, albu- 
mins and globulins, but also collagen which it normally would find in abun- 
dance only in the skin. 

It is therefore likely that the chemical composition of complete antigens 
formed after penetration of a hapten into the skin, the peritoneum, or any 
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organ in the presence or absence of mycobacteria is not the same since the 
proteinic carriers, to which they become attached, are different. They un- 
questionably have different solubilities, rigidities, and shapes. Consequently, 
one may expect that the antibodies formed by the presence of these diverse 
complete antigens are likewise different. 

According to accepted theories, the specific antibodies are fabricated on 
the templates of the protein-synthesizing enzymes modified by the presence 
of specific antigens, and are complementary in shape and form to the specific 
antigens. Thus, it may be expected that an antibody formed on a template 
modified by an antigen containing globular proteins as the carrier will be 
different from an antibody molded on templates modified by the presence of 
complete antigens containing fibroid proteins as the carrier. One may an- 
ticipate that the introduction of haptens into the peritoneal cavity normally 
induces the development of humoral antibodies of the anaphylactic or ‘‘immedi- 
ate type” of allergy, while in the presence of collagen in the tubercle sessile 
antibodies of the “delayed reaction type” are fabricated in addition to the 
humoral antibodies. This theory would explain why the injection of a hapten 
directly into the peritoneal cavity is usually followed by the development of 
a hypersensitivity of the immediate type, while the injection of the same 
hapten into the peritoneal cavity together with a mycobacteria-containing 
adjuvant will favor a considerable increase in number and severity of the 
reactivities of the delayed type. 

We have tested this hypothesis by substituting, as an adjuvant, myco- 
bacteria or their waxes by a purified collagen preparation (procollagen). As 
previously reported,® guinea pigs injected parenterally with pieryl chloride in 
the presence of procollagen as the adjuvant reacted after an appropriate sensi- 
tization period upon epidermal challenge with delayed reactivities in increased 
number and strength; the delayed-reaction-promoting effect of the procollagen 
adjuvant was of the same magnitude as that obtained with Freund’s adjuvant 
containing mycobacteria. In the present article, we report on additional experi- 
ments in which guinea pigs were sensitized to picryl chloride or Old Tubereulin 
by parenteral application with and without the addition of different ‘‘adju- 
vants,’’ such as mycobacteria, procollagen, crystalline albumin, and paraffin oil. 


EXPERIMENTAL 
1. Animals.—In all experiments guinea pigs weighing approximately 250 


grams were used. 





2. Antigens—Solutions of recrystallized pieryl chloride were prepared in 


saline with the aid of absolute alcohol according to the method of Landsteiner 
and Chase. ? The doses used for sensitization were 0.2 mg. picryl chloride 
dissolved in 0.5 ml. of diluent. Proeollagen, prepared as deseribed by 
Orekhovieh and associates,* was dissolved with 1:10,000 formie acid to form 
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5 per cent semisolutions and then emulsified with the oily components of 
Freund’s adjuvant. The composition of the procollagen adjuvant used was as 
follows: 


Procollagen solution, 5.0% 40 ml. 
Tween 80 0.5 ml. 
Dihydrostreptomyein 20 mg. 
Penicillin 21 mg. 
Bayol F 100 ml. 
Arlacel C 4 ml. 


The final approximate concentration of procollagen in this adjuvant* 
preparation was 1.37 per cent. (It is probable that the procollagen may have 
been partially transformed into gelatin during the preparation of the adju- 
vant.) An ‘‘albumin adjuvant’’ containing approximately 1.4 per cent erystal- 
lized albumin was prepared in an identical way as the above-mentioned 
“procollagen adjuvant.” 

Complete Freund’s adjuvant was obtained from the Difco Laboratories. 

3. Method of Injection.—In order to avoid contact with the skin, injee- 
tions were made as first reported by Landsteiner and Chase!’ by first slitting 
the abdominal skin of the guinea pigs and introducing the needle slantwise 
through the musculature, with the use of all precautions noted by these 
authors. 





4. Challenge—Four weeks after the first sensitizing injection, the animals 
were challenged by (a) a single, percutaneous application of one drop of 1.5 
per cent picryl chloride dissolved in olive oil, spread over approximately a 10 
Sq. cm. area on the right shaved flank, or (b) intradermal injection of 0.1 ml. 
of a saline solution containing 20 meg. of picryl chloride. In the ease of sensi- 
tization to Old Tubereulin, the challenging dose was administered by the intra- 
dermal injection of 0.1 ml. of 1 per cent and 10 per cent Old Tuberculin, 
diluted in saline. 


RESULTS 


We have performed eight experiments thus far, in which the conditions of 
the sensitizing procedures were varied; of these experiments, three are de- 
seribed hereafter. 

1. In the first experiment, forty-five guinea pigs, divided into three groups 
of fifteen animals each (Groups II, III, and 1V of Table II), were sensitized to 
picryl chloride by intraperitoneal injection, with and without the addition of 
the “procollagen adjuvant” or Freund’s adjuvant, and challenged, four weeks 
after the first sensitizing injection, by the percutaneous and intracutaneous 
application of the allergen. Group I, consisting of fifteen nonsensitized con- 
trols, was kept untreated until the time of challenge. The animals in Group II 
were sensitized to picryl chloride alone, those of Group III were sensitized 
to pieryl chloride combined with procollagen, and those of Group IV were 


*I am grateful to my associate, Dr. H. Heymann, for the preparation of the procollagen 
and the adjuvant. 
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TABLE I. FIRST EXPERIMENT. SCHEDULE OF SENSITIZING INJECTIONS 





= | PREPARATIONS ADMINISTERED INTRAPERITONEALLY PER GUINEA PIG 











DAYS | GROUP II | GROUP III | GROUP IV 
== 3 —_ 0.5 ml. procollagen prep- 0.5 ml. Freund’s adju- 
aration combined with vant 


0.2 mg. picryl chloride 


9 pane pe a 


3 0.2 mg. pieryl chloride — 0.2 mg. picryl chloride in 
in 0.5 ml. saline 0.5 ml. sodium chloride 
4 —_— oneece _— 
5 a 0.5 ml. procollagen prep- 0.5 ml. Freund’s adju- 
aration combined with vant 


0.2 mg. pieryl chloride 


6 — a — 
7 _— penne — 
8 0.2 mg. pieryl chloride — 0.2 mg. picryl chloride in 


in 0.5 ml. saline 0.5 ml. saline 





sensitized to picryl chloride combined with Freund’s adjuvant. Thirty-seven 
animals were alive at the end of the four-week incubation period. The sched- 
ule of sensitizing injections is given in Table I, the results of the challenge in 


Tables TH and ITT and Fig. 1. 
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Saline Collagen Mb. Tuberc. 


Fig. 1.—First experiment. Challenge reactions after sensitization to picryl chloride with saline, 
collagen adjuvant, and Mycobacterium tuberculosis (Freund’s) adjuvant. 











TABLE II. First EXPERIMENT. 





RESULTS OF CHALLENGE APPLICATION 








GUINEA 








CHALLENGED BY 
SKIN SMEAR 


CHALLENGED INTRA- 
DERMALLY 








SENSITIZING TREATMENT PIG NO. (24 HOUR READING) (24 HOUR READING) 
Group I. Normal, unsensi- 1 tr 0 _ 
tized controls 2 tr 0 
3 tr 0 
+ tr 0 
5) tr 0 
6 tr 0 
7 tr 0 
8 tr 0 
9 tr 0 
10 0 0 
11 0 0 
12 0 0 
13 0 0 
14 0 0 
15 0 0 
Index 0 0 
Group II. Pieryl chloride in 16 ++ + 
saline 17 + (+) 
18 (+) (+) 
19 (+) (+) 
20 (+) 0 
21 (+) 0 
22 (+) 0 
23 (+) 0 
24 Ag 0 
25 tr 0 
26 tr 0 
27 0 0 
28 0 0 
29 0 0 
Index 0.11 0.05 
Group III. Pieryl chloride 50 +++ +++ 
with ‘‘ procollagen adju- 31 ++ ++ 
vant’? 32 44 tH 
33 ++ ++ 
34 +H +% 
35 +% +% 
36 + + 
37 + + 
38 (+) + 
39 (+) (+) 
40 tr tr 
41 0 0 
42 0 0 
43 0 0 
44 0 0 
Index 0.28 0.3 
Group IV. Pieryl chloride 45 +++ a 
with Freund’s adjuvant 46 es e 
47 ++ + 
48 + 0 
49 + 0 
50 tr 0 
51 0 0 
52 0 0 
Index HOis? 0.16 





In this and the following tables the intensities of reactions w 
(trace), (+), +, +14, ++, ++ WB, +++, +++ %, and ++++. 





vere recorded as 0, tr 


The index values for each group were 


caleulated as follows: 0 and trace were considered as negative, the others were assigned 
The index for each group was obtained by di- 
viding the total numerical value calculated for each group by the theoretical maximum 
value obtainable (number of animals per group ~ 8). 


numerical values of 1 to 8, respectively. 
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TABLE IIT. SUMMARY OF FiRST EXPERIMENT. RELATIVE INDEX VALUES 











| SMEAR CHALLENGE INTRADERMAL CHALLENGE 
GROUP TREATMENT | (24 HOUR READING) (24 HOUR READING) 
~~ Controls (unsensitized ) 0.00 0.00 
Il Picryl chloride only 0.11 0.05 
IT] Picryl chloride and procol- 
lagen 0.28 0.30 
IV Pieryl chloride and Freund’s 
adjuvant 0.32 0.16 





Results —The econiparison of the challenge reactions observed twenty- 
four hours after tests with skin smear and by intradermal injection indicate 
that epidermal challenge usually produced a slightly higher number of gen- 
erally weak positive reactions. In this experiment, preparation with picry! 
chloride in saline without addition of any adjuvant resulted in only two dis- 
tinctly positive reactions (Group Il). The addition of the procollagen adjuvant 
resulted in eight strongly positive reactivities (Group III). The addition of 
Freund’s adjuvant was followed by a comparable increase of positive reactions 
(Group IV). As seen from Table ITI, the relative index values of the two groups 
(III and IV) receiving either adjuvant were three times as high as the index 
of Group II, which had received only pieryl chloride. 

2. In the second expertment the influence of a ‘‘procollagen adju- 
vant’’ and of an ‘‘albumin adjuvant’? on the number of delayed sensi- 
tizations was investigated. Seventy-five guinea pigs, divided into four groups, 
were sensitized to picryl chloride alone or with addition of various ad- 
juvants containing procollagen, bovine serum albumin, and Freund’s ad- 
juvant, respectively. The injection schedule is inseribed in Table IV, the 
individual results in Table V, and the index values in Table VI (Figs. 2 and 3). 


TABLE ITV. SECOND EXPERIMENT. SCHEDULE OF SENSITIZING INJECTIONS 








~ PREPARATIONS ADMINISTERED INTRAPERITONEALLY PER GUINEA PIG 








DAY GROUP II | GROUP III | GROUP IV | GROUP V 
l — 0.5 ml. procollagen 0.5 ml. bovine serum 0.5 ml. Freund’s 
preparation com- albumin combined adjuvant 
bined with 0.2 mg. with 0.2 mg. picryl 
pieryl chloride chloride 
9 oa == = = 
3 0.2 mg. pieryl = — 0.2 mg. picryl 
chloride in 0.5 chloride in 0.5 
ml, saline ml. saline 
4 oes a poe a 
5) = .) ml. procollagen .) ml. bovine serum 0.5 ml. Freund’s 
0 ] ll 0 1. J 0 I 1 
preparation com- albumin combined adjuvant 
bined with 0.2 mg. with 0.2 mg. pieryl 
pieryl chloride chloride 
6 -~ -- — — 
7 = —_ = ae 
8 0.2 mg. pieryl — —_ 0.2 mg. picryl 
chloride in 0.5 chloride in 0.5 
ml, saline ml, saline 





Group I: untreated controls. 
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TABLE V. SECOND EXPERIMENT. RESULTS OF CHALLENGE APPLICATIONS 
CHALLENGED BY CHALLENGED INTRA- 
GUINEA SKIN SMEAR DERMALLY 
SENSITIZING TREATMENT PIG NO. (24 HOUR READING) (24 HOUR READING) 
Group I. Normal, not sensi- 1 + + 
tized controls 2 (+) (+) 
3 (+) tr 
a (+) tr 
5 (+) tr 
6 (+) tr 
7 tr tr 
8 tr 0 
9 tr 0 
10 tr 0 
11 tr 0 
12 0 0 
13 0 0 
14 0 0 
Index 0.06 0.03 
Group ITI. Pieryl chloride in 15 ron oan 
saline 16 + + 
Vi + + 
18 (+) p 
19 (+) (+) 
20 (+) tr 
21 (+) tr 
22 tr 0 
23 cr 0 
24 tr 0 
25 tr 0 
26 tr 0 
27 0 0 
28 0 0 
Index 0.1 0.1 
Group IIT. Piecryl chloride 29 aa +++ 
with ‘procollagen adju- 30 +++ ++ 
vant’? 31 ++ ++ 
32 ++ +% 
33 ++ a 
34 +% rs 
35 +U% + 
36 + + 
37 + + 
38 (+) + 
39 tr (+) 
40 tr (+) 
4] tr tr 
42 tr tr 
Index 0.3 0.3 
Group IV. Picryl chloride 43 + + 
and bovine serum albumin 44 tr (+) 
45 tr (+) 
46 tr tr 
47 tr tr 
48 tr 0 
49 0 0 
50 0 0 
51 0 0 
52 0 0 
53 0 0 
54 0 0 
Index 0.03 0.04 





Rh Sa 








Hlergy 
1957 








Volume 28 ROLE OF CARRIER IN FORMATION OF COMPLETE ANTIGENS 199 


Number 3 


TABLE V—CONT’D 

















CHALLENGED BY CHALLENGED INTRA- 
GUINEA SKIN SMEAR DERMALLY 
SENSITIZING TREATMENT PIG NO. (24 HOUR READING) | (24 HOUR READING) 
Group V. Pieryl chloride and 55 +++ +++ 
Freund’s adjuvant 56 +++ paren 
57 tHe ++ 
58 +++ ++ 
59 +++ ++ 
60 a ++ 
61 at ++ 
62 ++ +l 
63 +e + 
64 ++ + 
65 +% + 
66 + + 
67 + - 
68 + (+) 
69 + (+) 
70 + (+) 
71 + (+) 
72 (+) (+) 
(f (+) (+) 
74 (+) (+) 
75 (+) tr 
76 tr tr 
(i! tr 0 
78 tr 0 
79 0 0 
80 0 0 
Index 0.34 O25 





Group I: untreated controls. 


TABLE VI. SUMMARY OF SECOND EXPERIMENT. RELATIVE INDEX VALUES 











SMEAR CHALLENGE INTRADERMAL CHALLENGE 
GROUP | TREATMENT (24 HOUR READING) (24 HOUR READING) 
I Controls 0.06 0.03 
II Pieryl chloride only 0.1 0.1 
IIT Pieryl chloride and procol- 0.3 0.3 
lagen 
IV Picryl chloride and serum 0.03 0.04 
albumin 
V Picryl chloride and Freund’s 0.34 0.25 


adjuvant 








Result—While sensitizations with picryl chloride alone produced only 
a small number of positive reactions, with a relative index value of 0.1, the 
addition of procollagen gave rise to a considerable inerease in number as 
well as intensity of positive reactions, with a threefold increase in the index 
value (0.3). The reactions obtained with Freund’s adjuvant were very slightly 
stronger, having an index of 0.34 for the epidermal challenge, but slightly 
weaker with an index of 0.25 upon intradermal challenge. On the other hand, 
the addition of albumin resulted in a considerable decrease in reactivities with 
index values of only 0.03 to 0.04. 


3. In the third experiment recorded, Old Tubereulin (O.T.) was used as 
sensitizing agent and the influence of procollagen adjuvant, albumin adjuvant, 
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and Freund’s adjuvant upon the production of a sensitization of the delayed 
type was investigated. As in the previous experiment, the O.T., as well as the 
adjuvants, was injected intraperitoneally. In this experiment, seventy-five 
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Second experiment. Challenge reactions after sensitization to picryl chloride with 
saline, albumin, collagen, and Mycobacterium tuberculosis (Freund’s) adjuvant. 
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Fig 3.—Second experiment. Challenge reaction, indices. 
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TABLE VII. THIRD EXPERIMENT. SCHEDULE OF SENSITIZING INJECTIONS 








PREPARATIONS 


ADMINISTERED INTRAPERITONEALLY 


PER GUINEA PIG 





GROUP II 


GROUP III 


GROUP IV 


GROUP V 








bo 


++++- 


++- 


*The Old Tuberculin mixtures of procollagen and serum were used immediately upon 
preparation. 


Nothing 


Nothing 


0.1 ml. Old Tu- 
bereulin in 0.5 
ml. saline 


Nothing 


Nothing 


Nothing 
Nothing 


0.1 ml. Old Tu- 
bereulin in 0.5 
ml. saline 


0.5 ml.* procollagen 


combined with 0.1 
ml. Old Tubereulin 


Nothing 
Nothing 


Nothing 
0.5 ml.* procollagen 


combined with 0.1 
ml. Old Tubereulin 


Nothing 
Nothing 


Nothing 


0.5 ml. serum al- 
bumin combined 
with 0.1 ml, Old 
Tubereulin 


Nothing 


Nothing 


Nothing 


0.5 ml. serum al- 
bumin combined 
with 0.1 ml. Old 
Tubereulin 


Nothing 
Nothing 


Nothing 


0.5 ml. Freund’s 


adjuvant 


Nothing 
0.1 ml. Old Tu- 


bereulin in 0.5 
ml. saline 


Nothing 


0.5 ml. Freund’s 
adjuvant 


Nothing 
Nothing 


0.1 ml. Old Tu- 
bereulin in 0.5 
ml, saline 





euinea pigs were sensitized to O.T. in groups of fifteen animals each. Seventy- 
one of the animals were alive at the moment of the challenge. 
schedule of this experiment is inscribed in Table VII, the individual results 
in Table VIII, and the index values in Table LX and Fig. 4. 


The injection 
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Fig. 4.—Third experiment. Challenge reactions after sensitization to 
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TABLE VIII. THIRD EXPERIMENT. RESULTS OF CHALLENGE APPLICATIONS 
GUINEA INTRADERMAL CHALLENGE _ 
SENSITIZING TREATMENT PIG NO. 10%—24 HOURS 
Group I. Normal controls if +44 “9 
(not sensitized) 2 (+) 
3 (+) 
4 (+) 
5 0 
6 0 
7 0 
8 0 
9 0 
10 0 
ala 0 
12 0 
13 0 
Index 0.09 
Group II. Old Tuberculin in 14 +4+++ 
saline 15 ror! 
16 ++ 
17 ++ 
18 + 
19 + 
20 (+) 
21 (+) 
22 0 
23 0 
24 0 
25 0 
26 0 
27 0 
Index 0.25 
Group IIT. Old Tuberculin and 28 taty 
procollagen 29 Att 
30 +++ 
Sl +++ 
32 +++ 
33 +++ 
34 ++ 
35 ++ 
36 ++ 
Sf 4+ 
38 + 
39 + 
40 (+) 
41 
42 0 
Index ~ 0.40 
Group IV. Old Tubereulin and 43 bt 
bovine serum albumin 44 +++ 
45 444+ 
46 ++ 
47 + 
48 + 
49 0 
50 0 
51 0 
52 0 
53 0 
54 0 
Index 0.27 
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TABLE VIII.—ContT’p 














GUINEA INTRADERMAL CHALLENGE 
SENSITIZING TREATMENT PIG NO. 10%—24 HOURS 

Group V. Old Tuberculin and 55 pe 
Freund’s adjuvant 56 pene 
ol ++4++ 

58 fees 

59 ++4++ 

60 +4+++ 

61 +++ 

62 Ee 

63 +++ 

64 +++ 

65 +++ 

66 +++ 

67 +++ 

68 +++ 

69 + 

Index 0.81 








TABLE IX. SUMMARY OF THIRD EXPERIMENT. RELATIVE INDEX VALUES 














GROUP | TREATMENT | 10%—24 HOURS 
I Controls 0.08 
II Old Tuberculin in saline 0.25 
BEE Procollagen and Old Tuberculin 0.40 
IV Bovine serum albumin and Old Tuberculin 0.27 
V Freund’s adjuvant and Old Tuberculin 0.81 








Results —The results of this experiment indicate that a number of animals 
were tuberculin positive prior to the first O.T. injection of control Group I 
and the first challenge of the animals of Group II, sinee, under the conditions 
of this experiment, no sensitizations to O.T. could be expected unless an ef- 
fective adjuvant was added. There was one strong positive reaction in the 
control group and four strong reactions in the animals of Group II treated 
with two injections of tuberculin alone and then held for four weeks without 
further treatment. Four positive reactions were also noted in Group IV, in 
which all animals received serum albumin in addition to O.T. The index 
values in these two groups were 0.25 and 0.27, respectively. 

Despite this interference, the influence of the collagen adjuvant upon the 
successful sensitization was very noticeable. The percentage of strongly positive 
reactions in Group III (animals receiving procollagen) was almost twice that of 
the Group IT guinea pigs receiving O.T. alone, with an index value for Group 
ITI of 0.40 as against 0.25 for Group II. It could be expected that the injection 
of Freund’s adjuvant resulted in a strong increase of positive challenge reac- 
tions with an index of 0.8. 

DISCUSSION 


The results of the three experiments reported here indicate, in confirma- 
tion of our previous experiments, that in sensitizations of guinea pigs to picry] 
chloride procollagen exerts the same delayed-reaction-promoting effect as do 
tuberele bacilli or lipopolysaccharides isolated from the wax fraction of myeo- 
bacteria. Indeed, the challenge reactions of the delayed type were consid- 
erably stronger and more numerous when the sensitizations were carried out 
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with the addition of procollagen than in its absence. The activity of myeo- 
bacteria, however, in promoting delayed reactions upon sensitization with 
O.T. was markedly superior to that of procollagen. 

While there can be little doubt that the hypersensitivities produced with 
pieryl chloride represent allergies of the contact type, this is not a priori cer- 
tain in the case of sensitizations obtained to O.T. The question arises whether 
the reactivities observed in the coilagen-treated group are actually true de- 
layed reactions of the tuberculin type and not immediate reactions of the 
Arthus type. 

It was often observed that the positive skin reactions resulting from ex- 
perimental sensitizations with O.T. alone faded more rapidly than those ae- 
companying a tuberculous infection or following sensitization with dead 
mycobacteria. It has been questioned on this basis whether sensitizations 
after preparation with O.T. alone were indeed specifi¢ sensitizations to tuber- 
eulin and the skin reactions actual “tubereulin reactions.” We have observed 
a similar, more rapid fading of delayed skin reactions in our experiments 
ineluding those in which sensitizations to O.T. were obtained by the simul- 
taneous use of the collagen adjuvant. On the other hand, the strongly positive 
challenge reactions persisted even after seventy-two hours in approximately 
50 per cent of those animals which had been sensitized to O.T. with the aid 
of Freund’s adjuvant; after seventy-two hours virtually all reactions induced 
by the use of procollagen and albumin, as well as those produced with 0.T. 
alone, had faded. Nevertheless, it seems probable that these reactivities do 
not represent an Arthus type of immediate reaction, but types of true delayed 
reaction. It is known that in most instances the Arthus-type reaction reaches 
the maximum intensity after several hours and then slowly decreases to almost 
one-half this maximum after twenty-four hours, whereas the delayed type of 
reaction continues to increase in intensity up to twenty to twenty-four hours, 
when it reaches its maximum. In our case, maximum intensity was also 
reached after twenty-four hours. It seems, therefore, that the differences in 
the persistence of the skin reactions of sensitizations obtained in the presence 
of tuberele bacilli and of those obtained in association with collagen may be 
due to quantitative differences of the same (namely, tubereulin) type of 
reactivity, rather than to a different type. There is the possibility, however, 
that these reactions are delayed reactions in a hypersensitiveness not to the 
specific tuberculin protein, but to a nonspecific protein present in the Old 
Tubereulin. New experiments with purified protein fractions are under way. 

We believe that these reported results represent additional support for 
our hypothesis that (1) the delayed reactivity is mediated by a complete 
antigen whose protein carrier is formed by a fibroid protein, such as collagen, 
while the immediate reactivity is mediated by a complete antigen whose pro- 
tein carrier is a globular protein, such as albumin or globulin, and (2) that 
the delayed-reactivity-promoting effect of mycobacteria and associated waxes 
is due to the formation of tubercles and, within these tubercles, of collagen 
on sites normally poor in fibroid proteins. 
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SUMMARY 

1. Procollagen, like mycobacteria, increases the delayed reactions follow- 
ing sensitization of guinea pigs with picryl chloride or with Old Tubereulin 
by the parenteral route. Albumin does not exert this effect. 

2. The effect of tubercle bacilli and lipopolysaecharides isolated from 
the wax fraction of tubercle bacilli upon the production of sensitizations of 
the delayed type after intraperitoneal injection is explained by the forma- 
tion of specific tubercles and consequent formation of fibroid protein, particu- 
larly collagen, at sites in the vicinity of the injected hapten, thus enabling 
the hapten to combine with collagen to form complete antigens containing a 
earrier of fibroid protein. 

3. The theory is discussed that the sessile antibody of the delayed type 
of sensitization is formed by complete antigen with fibroid proteins as earrier, 
whereas the humoral antibodies of the immediate or anaphylactic type are 
produced by complete antigen with globular proteins as carriers. 
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LEUKOCYTIC TRANSFER OF THE IMMEDIATE TYPES OF 
ALLERGIC REACTION IN MAN 
I. TECHNIQUES FOR THE LOCAL PASSIVE TRANSFER OF ATOPIC HYPERSENSITIVENESS 
THROUGH THE USE oF LEUKOCYTES AND THEIR DERIVATIVES 
MATTHEW WALZzER, M.D., KATHERINE L. BowMAN, B.A., AND 
Sonya STROYMAN, BROOKLYN, N. Y. 


N 1950, Walzer and Glazer’ reported the passive local cutaneous sensitization 
of normal subjects by the intracutaneous injection of viable leukocytes ob- 


tained from atopic patients who manifested immediate whealing reactions to — 


skin tests with common allergens. The method of Minor and Burnett,’ slightly 
modified, was employed to separate the leukocytes from the donor’s venous 
blood. By the addition of bovine fibrinogen, erythrocytic sedimentation was 
accelerated, leaving the white blood cells suspended in the plasma from which 
they were separated by centrifugation in Machlett tubes. The leukocytes 
were washed by centrifugation in changes of Tyrode’s solution and were re- 
suspended in fresh solution. Intracutaneous injections of this suspension in 
the arms of normal recipients provided passive transfer sites for subsequent 
tests with allergens. 


Suecessful transfers of sensitivity to common allergens, such as ragweed 
pollen and rabbit dander, were demonstrated with the leukocytes of all but 
one of six allergic patients with positive skin reactions of average intensity to 
these allergens.' The immediate whealing reaction elicited by the allergen 
test at the passively sensitized site did not exceed a slight or a one-plus (+) 
positive. Nevertheless, these small reactions were elicited regularly in cer- 
tain cases and were proved to be specific. The erythrocytes of the donor 
lacked the skin-sensitizing properties of his leukocytes. 


The paramount difficulty encountered with this technique was the inflam- 
matory reaction which developed in the recipient at the site of the sensitizing 
injection. This consisted of a central edematous area with superimposed and 
surrounding erythema. The inflammation was usually late in starting and 
developed slowly: It did not pass its peak until the fourth or fifth day, so that 
testing was rarely possible before the sixth to the eleventh day. Even at this 
time, traces of edema occasionally were still palpable, a circumstance which 
reduced the responsiveness of the site to the test antigen and made the reading 
and evaluation of the results more difficult. Not infrequently, the persistence 
of inflammation precluded any testing of the site. 


From the Division of Allergy, Jewish Hospital of Brooklyn. 


Presented at a meeting of the New York Allergy Society at the Jewish Hospital of 
3rooklyn, May 18, 1955. 
Received for publication Dec. 18, 1956. 
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Among other difficulties encountered with the leukocytie suspension tech- 
nique was the fact that the amount of inflammation which developed at the 
sensitized site varied with the recipient. In addition, attempts to enhance 
the sensitivity of passive transfer sites by concentrating the leukocytic sus- 
pension or by injecting larger amounts of it led to even greater local inflam- 
mation. 

In the effort to circumvent some of these difficulties, many modifications 
of the suspension technique were tried. Early in the course of these studies 
(1951), it became apparent that viable leukocytes were not essential for a suc- 
cessful transfer. Positive results could be obtained with fragmented cells 
and even with extracts of crushed white blood cells. This finding became more 
significant when it was noted that the intracutaneous injection of such ex- 
tracts produced little or no inflammatory reaction. This led to the develop- 
ment of a leukoeytie extract technique for passive transfer testing which 
proved to be quite effective. 

With the extract technique, the results previously obtained with the 
suspension method were confirmed. In many respects, the extract technique 
was found to present definite advantages over the suspension method, but it 
also proved to be subject to certain limitations. It could not, for example, 
replace the suspension technique in studies which required the transfer of 
normal, funetioning leukocytes. It therefore became necessary to develop 
both techniques simultaneously. The significant findings uncovered during 
the course of these studies will be presented in this and subsequent articles. 

No attempt will be made at this time to review the studies on the cellular 
transfer of the delayed types of allergic reactions which were originally re- 
ported by Landsteiner and Chase’ and subsequently developed by many others. 
The immunologic mechanisms involved in the immediate and delayed types 
of allergic reaction are quite different. The same may be said of the diagnostic 
procedures which are used for the detection and differentiation of these two 
groups of hypersensitiveness and for the experimental techniques employed 
for their passive transfer. Discussions on passive transfer studies in delayed 
hypersensitiveness will therefore be deferred and will be dealt with in a future 
report. 

ms MATERIALS AND METHODS 





The Preparation of the Sensitizing Leukocytic Suspensions and Extracts. 
Under sterile precautions which were maintained throughout the procedures, 
from 40 to 60 ml. of venous blood were drawn from the patient into tubes con- 
taining heparin in the proportion of 0.4 mg. for each 10 ml. of blood. After 
mixing gently by twice inverting the tubes, 1 ml. of a freshly prepared Seitz- 
filtered solution containing 40 mg. of bovine fibrinogen (Fraction I, Armour) 
was added for each 10 ml. of heparinized blood. The tubes were again in- 
verted twice and the blood was transferred in 10 ml. aliquots to conical centri- 
fuge tubes. Standing at an angle of 60 degrees, these were incubated at 37° 
C. for about one hour. The supernates were then transferred by capillary 
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pipette to Machlett capillary-tip tubes and centrifuged at 3,000 r.p.m. for ap- 
proximately one hour. The supernate was removed and the sedimented leuko- 
cytes were resuspended in either 2 ml. of Tyrode’s solution or 2 ml. of the 
recipient’s freshly prepared blood serum. This suspension was centrifuged 
for thirty minutes at gradually increasing speeds up to 3,000 r.p.m. The 
washing procedure was then repeated with fresh Tyrode’s solution or with 
serum. The sedimented leukocytes obtained at this point were ready for use 
in either the suspension or the extract technique. 

For the suspension technique, one part cell sediment was distributed as 
evenly as possible in nine parts Tyrode’s solution. This 1:10 suspension was 
then drawn up into a sterile syringe and used for the preparation of passive 
transfer sites on the arms of a recipient. 

For the leukocytie extraction technique, one part cell sediment and three 
parts Tyrode’s solution were introduced under sterile precautions into a small 
flat-bottomed vial. Three large sterile beads were added. The vial was sealed 
with a rubber stopper and was shaken overnight, usually for about sixteen 
hours, in a rotary machine at a speed of 300 r.p.m. The material in the vial 
was then transferred to a centrifuge tube and spun at 4,000 r.p.m. for twenty 
minutes. The clear supernate was drawn up into a sterile syringe and used 
for the preparation of passive transfer sites on the recipient. 

An average yield of 0.028 ml. of sedimented cells was obtained in the 
earlier studies from each 10 ml. of donor’s blood. In later studies, the more 
effective elimination of erythrocytes reduced the yield to approximately 0.02 
ml. from each 10 ml. of blood. More than 85 per cent of the cells in this sedi- 
ment were viable, as determined by their failure to take a trypan blue stain. 


Variations in technique: In the attempt to achieve better transfers, many 
modifications of the techniques were tried. For washing the leukocytes, hu- 
man nonreaginic serum was substituted for Tyrode’s solution. The serum 
was most frequently obtained from the recipient on the day of the experiment. 
When two recipients participated in the same experiment, the serum of one 
was used for both. Human serum proved to be advantageous for the washing 
of the leukocytes only in those experiments in which the preservation of the 
cells was an important consideration. Otherwise, it produced results no more 
satisfactory than those obtained with Tyrode’s solution. Washing the cells 
in Tyrode’s solution containing 0.13 per cent gelatin provided leukocytes in a 
better state of preservation but did not improve the results of passive tranfer. 

As a menstruum for the sensitizing leukocytic suspension, human serum 
proved inferior to Tyrode’s solution. Serum tended to increase the hypore- 
sponsiveness of the sensitized sites.? Moreover, its occasional use in recipients 
other than the one who provided the serum increased the possibility of intro- 
ducing unrecognized immunologic factors at the sensitized sites. 

Washing the cells by slow centrifugation four times instead of twice 
slightly reduced the size of the transfer reaction in some instances,’ but not 
in others. 
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In the studies on the influence of time and temperature factors in the tech- 
niques, leukocytes and their derivatives were stored for twenty-four, forty- 
eight, and occasionally for seventy-two hours in the refrigerator with little 
perceptible effect on their sensitizing properties. Similarly, standing at room 
temperature for periods up to twenty-four hours did not noticeably influence 
the sensitizing properties of sterile leukocytie preparations. On the other 
hand, leukocytie suspensions stored in the incubator for more than a few 
hours produced marked delayed inflammatory reactions which rendered the 
passively sensitized sites unfit for testing. 

The fact that the sensitizing principles of the leukoeytie preparations 
were not affected by refrigerator or room temperatures during the first 
twenty-four-hour period eliminated the need for haste in the extraction of 
white blood cells. This proved fortunate, since the procedures which are com- 
monly recommended for rapid fragmentation of leukocytes were not found to 
be applicable in these studies. For example, the triple alternate freezing 
(-70° C. in a dry ice and aleohol bath) and thawing (37° C.) of the leukocytes 
yielded, on centrifugation, a slightly hemorrhagic supernate which caused 
considerable inflammation and discoloration of the injected sites in the re- 
cipient. Other common methods of demolishing the leukocytes also proved 
impractical in these studies because of the small amounts of cells which were 
being employed. 

Extraction of the white blood cells by shaking could be completed in less 
than sixteen hours. At times, it was possible to obtain positive results after 
only eight or twelve hours of shaking, even though the cells had not yet been 
completely demolished. Nevertheless, an overnight shaking period of sixteen 
hours proved both convenient and effective, since it was impossible to ecom- 
plete both the procurement and extraction of the leukocytes in a single work- 
ing day. The extended shaking period not only assured complete demolition 
of the cells, but also permitted the performance of the active phases of the 
procedure during routine laboratory working hours. 

Passive Local Sensitization of the Recipients.*— 

1. Choice of recipients: These were carefully selected nonatopie young 
adults with normal skins who, on preliminary testing, had shown completely 
negative reactions to concentrated extracts of the allergens employed in these 
studies as well as to a representative series of common allergenic offenders. 
Some recipients with particularly suitable skins were used repeatedly at ap- 
propriate intervals. This proved helpful in studying the effects of modifica- 
tions in the technical procedures. It is noteworthy that the repeated injec- 
tions of viable cells from the same or different sensitive donors produced no 
evidence of the development of generalized cutaneous sensitivity in the re- 
cipient. 

2. The preparation of cutaneous sites on the recipient: In the earliest 
studies,! passive transfer sites were prepared by the intracutaneous injection 
of 0.05 ml. of a 1:13 suspension of leukocytes. Many of these sites developed 


*For detailed description and discussion of the techniques employed in routine (indirect 
testing) and special passive transfer procedures, the reader is referred to previous discussions 
on this subject by Walzer and Bowman.‘ 
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marked inflammation and were unfit for testing. This difficulty was partially 
overcome by reducing the volume of the sensitizing injection to 0.025 ml. and 
increasing the concentration of the leukocytic suspension from 1:13 to 1:10, 
With this smaller sensitizing dose, the sites recovered their normal appearance 
and responsiveness much more rapidly. 

Because the leukocytie extract failed to produce the pronounced inflam- 
matory response observed with the cell suspension, the injection of 0.05 ml. 
of extract into each site proved feasible. Sites were sensitized on the outer 
aspects of the recipient’s arms, not more than four sites being prepared on 
each arm. The marking of the sites and instructions to the recipient concern- 
ing the preservation of the markings and the avoidance of particular aller- 
genic contacts were the same as those employed in routine passive transfer 
procedures.* 


The Testing of the Sites.— 


1. Interval: The inflammatory reactions which developed at the sites of 
injection of leukocytie suspensions prevented skin testing before the sixth 
day, and frequently further postponement was necessary. If the sites failed 
to regain their normal appearance by the fourteenth day, no testing was done. 
Because the inflammatory factor was a minor consideration with the extract 
technique, sites prepared in this manner were usually suitable for testing 
within a few days. However, in keeping with the principles recommended 
for all passive transfer procedures,’ testing was rarely performed before the 
fifth day. This interval allowed the sensitized sites to recover most of the 
responsiveness which had been impaired by the trauma of the sensitizing in- 
jection.® 


2. Allergens: The allergens employed for testing were those prepared in 
the Allergy Laboratory of the Jewish Hospital of Brooklyn for routine use 
in the Allergy Clinic.» They were standardized on the basis of their total 
nitrogen content. The ragweed pollen extracts were made annually in Jan- 
uary from mixtures of giant and dwarf ragweed. Because of the tendency 
for these extracts to lose some of their potency with aging, fresh pollen ex- 
tracts (labeled SP in the tables) were often prepared and used instead of, 
or in addition to, the stock extracts. These special (SP) ragweed extracts 
were usually prepared from dwarf ragweed pollen only. 

3. Testing: About 0.02 ml. of allergenic extract was used for testing a 
passive transfer site. The allergen concentration was the highest which could 
be employed without producing a nonspecific positive reaction on the normal 
skin of the recipient. This concentration naturally varied with the allergen 
and the nature of the recipient’s skin. With pollens, a solution containing 
0.1 mg. nitrogen per milliliter proved to be suitable for most recipients. Oc- 
easionally tests were made with extracts containing 0.05 or 0.2 mg. of nitrogen 
per milliliter but the results obtained with these concentrations did not differ 
materially from those produced by the 0.1 mg. tests. 

4. Controls: A control test, an exact duplicate of that made on the sensi- 
tized site, was made on the adjacent normal skin of the recipient. If enough 
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suitable transfer sites were available, one site was usually tested with diluting 
fluid and another with a suitable concentration of an unrelated antigen, that 
is, a member of a biologic group different from the one under consideration 
and one to which the donor failed to react either clinically or by skin test. In 
each instance, the tests were duplicated on adjacent normal skin. 

In some of the earlier experiments, additional control tests were made on 
transfer sites prepared with leukocytie preparations obtained from nonsensi- 
tive donors. In other studies, sites prepared with erythrocytes from sensitive 
donors were tested. Since these special types of control tests uniformly 
yielded negative results, they were eventually discontinued. 

The Reactions at the Transfer Sites.——The positive reactions elicited by 
tests with allergens at leukocytie transfer sites have always been small and 
have rarely exceeded the equivalent of a slight or one-plus reaction. With 
the extract technique, these reactions usually reached their maximum in about 
fifteen to twenty minutes and closely resembled those elicited in routine pas- 
sive transfer testing. They consisted primarily of a central edema or wheal 
and variable amounts of erythema. Because of the small size of the reactions, 
the erythema was frequently faint and limited to the central edematous area. 
In the larger reactions, a secondary areola of solid or broken erythema was 
usually present. With the suspension technique, the reactions tended to de- 
velop somewhat more slowly and to show smaller areolas than those elicited 
with the extract technique. Pruritus infrequently accompanied positive reac- 
tions and, when present, was always minimal. 

- The Reading and Recording of Reactions—Beecause slight inflammation 
frequently persisted at the sensitized sites, especially at those prepared with 
leukoeytie suspensions, readings were routinely made on the transfer sites by 
both inspection and palpation before the allergens were introduced. Readings 
were taken again about twenty minutes after testing at both test and control 
sites. The amounts of edema and erythema were read and recorded separately. 
Pruritus was also noted when it occurred. Because edema tends to be ab- 
sorbed more slowly in specific reactions than in nonspecific cutaneous re- 
sponses, the reactions to the tests were frequently studied for periods up to 
an hour. 


Grading of Reactions—Beecause the small reactions obtained with the 
leukoeytie transfer technique were more significant than similar responses in 
other passive transfer techniques, it became necessary to devise a new and 
more precise scale for the grading of weak positive reactions. For this pur- 
pose, reactions between the completely negative (0) response and the definite 
slight positive (+) response were divided into two grades, negative plus-minus 
(0+) and plus-minus positive (+). A description of the various grades of re- 
actions, their symbols, readings, and significance, appear in Table I. 

The slight positive or one-plus (+) reaction consists of a central wheal 
about 0.5 em. in diameter with a surrounding erythema and is only oceasion- 
ally accompanied by a faint pruritus. Reactions slightly less than this were 
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called plus-minus (+) positives. Erythema was not regularly present in this 
grade of reaction, and pruritus was rare. When the presence of edema was 
barely perceptible, the reaction was considered to be negative plus-minus 
(0+). A surrounding erythema was usually absent in this grade of reaction, 
When no change in edema or erythema was observed following the test, the 
reaction was recorded as negative (0). 


TABLE I. THE GRADING OF IMMEDIATE PASSIVE TRANSFER REACTIONS OBTAINED WITH THE 
LEUKOCYTIC TECHNIQUES 














READING | SYMBOL | DESCRIPTION | INTERPRETATION 

Negative 0 Site unchanged Negative 

Negative—plus-minus O+ Barely perceptible Too weak to be regarded as sig- 
edema nificant 

Plus-minus positive * Definite but small A weak positive reaction which 
amount of edema, is significant if it is ade- 
often with faint ery- quately controlled and can be 
thema on or around it confirmed on repetition of 

the test on another site 

Slight positive + Wheal at least 0.5 em.in A definite and significant  posi- 
diameter with definite tive transfer reaction 
areola 





Evaluation of Results—The evaluation of results of the passive transfer 
tests was based upon the comparison of the reactions at the sensitized sites 
with those elicited by the various control tests. Edema or wheal formation 
represented the primary basis of comparison. Erythema and pruritus, when 
present, were recognized as additional but secondary and less reliable criteria 
of positive reactions. 

The evaluation of results with the extract technique differed very little 
from the procedure employed in routine passive transfer tests* and presented 
no unusual difficulties. With the suspension technique, however, evaluation 
was more complicated. The reading at a sensitized site was accepted without 
correction only when the site was completely normal at the time of testing and 
all the controls were completely negative. Otherwise the amount of site edema 
which preceded testing or which developed at a control site had to be sub- 
tracted from the reading on the sensitized site. All readings in the text and 
tables represent the final results after all corrections have been made. 

Interpretation of Results—In the interpretation of results, the slight posi- 
tive (+) reaction was considered to be definitely significant. A plus-minus 
positive (+) was deemed to be somewhat less reliable than the slight positive 
(+), but was considered to be valid when it could be confirmed by repetition 
on fresh sites and when its controls were adequate. Since the negative plus- 
minus (0+) reaction might well be the result of technical variation, it was 
not considered to be significant in itself and was usually grouped with the 
negative reactions. 


PASSIVE TRANSFER EXPERIMENTS WITH LEUKOCYTES FROM DONOR D. G. 


Most of the donors studied were atopic patients with immediate positive 
whealing reactions to tests with common allergens. Not all these reactions 
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were clinically significant. Atopic reagins in low or average titer were present 
in these patients’ sera. Some cases illustrating nonatopic forms of hyper- 
sensitiveness in which immediate whealing reactions occur were also tested. 
These studies will be the subject of a subsequent report. 

In studying the effects of variations in technique, we found that it was 
advantageous to use the same donor and recipient repeatedly. For this reason, 
D. G., an atopic young male adult who, since infaney had been under the ob- 
servation of one of the authors, was selected to provide the leukocytes for 
many of these studies. Only a few relevant details of his history are presented 
here, since a complete report of this case will appear in another communica- 
tion. 

Clinical History of D. G.—This 24-year-old man has a strong family his- 
tory of atopy. As an infant, he had eezema for several months. Since then 
he has at various times manifested symptoms of allergie rhinitis, asthma, urti- 
earia, and alimentary disturbances. Skin testing by the indirect method in 
childhood and by the direct intracutaneous technique in subsequent years re- 
vealed many positive reactions to foods and inhalants. In recent years, hay 
fever has been the predominating allergie symptom and practically all the 
leukoeytie transfer studies on this patient were done in relation to his pollen 
allergy. 

D. G. developed ragweed hay fever symptoms at the age of 12 (1944). 
Preseasonal treatment with ragweed was started and continued on a perennial 
basis, doses being given at monthly intervals. For many years the skin re- 
action to timothy pollen was strongly positive, but no clinical sensitivity to 
grass pollens developed. At the age of 21 (1953), the patient’s serum showed 
moderate reaginic titers to both pollens by the method of Coca and Grove.® 
Serum dilution 1:64 gave a one-plus (+) transfer reaction to tests with rag- 
weed and timothy pollen extracts containing 0.01 mg. nitrogen per milliliter. 
With serum dilution 1:256 and the same test extracts, plus-minus (+) reae- 
tions were obtained to both pollens, although the response to timothy was 
slightly weaker than that to ragweed. 

Passive Transfer Studies With Suspensions of Leukocytes of Donor D. G.— 
Krom November, 1950, to April, 1951, the suecessful transfer of ragweed sensi- 
tivity was repeatedly demonstrated with suspensions of leukocytes of donor 
D. G. Some representative examples of the results obtained in those studies 
are listed in Table II. In most experiments, the leukocytes were washed and 
suspended in Tyrode’s solution. The sensitizing injection, in the early trials, 
consisted of 0.05 ml. of a 1:10 leukoeytie suspension but in later studies the 
sensitizing dose was reduced to 0.025 ml. for reasons previously noted. (See 
Materials and Methods.) Several recipients were used, most of them repeat- 
edly (Tables IT, IIT, and IV). The interval between the preparation and test- 
ing of sites usually lasted from six to eleven days. Stock or freshly prepared 
(SP) timothy and ragweed pollen extracts containing 0.1 mg. nitrogen per 
milliliter were used for testing. 

1. Passive transfer tests with ragweed pollen extracts: With the leuko- 
cytic suspension technique, positive passive transfer reactions to ragweed 
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pollen extracts were obtained fairly regularly with the cells of D. G., although 
the degree of reactivity varied with the recipient. Occasionally there was 
some variation in response at different sites on the same recipient, which could 
be attributed to the difficulty in obtaining a uniform suspension of the leuko- 
eytes. The largest transfers to ragweed were one-plus (+) reactions, but 
weaker positives (+) were quite common. Negative (0) or negligible (0+) 
reactions to ragweed were infrequent with this donor’s cells when the standard 
technique and suitable recipients were employed. 


TABLE II, PASSIvE TRANSFER EXPERIMENTS WITH LEUKOCYTIC SUSPENSIONS OF Donor D. G. 














| SENSITIZATION OF 

















DATE OF SITE TESTING OF SITE 
EXPERI- BLEEDING AMOUNT REACTION | INTERPRETA- 
MENT AND SENSI- | RECIPI- |INJECTED | INTERVAL OB- TION OF 
NO. TIZATION ENT | (ML.) (DAYS) ALLERGEN TAINEDt RESULTS 
Sla 11/ 9/50 SC 0.05 af Ragweed SP* + Positive 
Timothy SP 0 Negative 
S 1b G 0.05 7 Ragweed 50t + Weak positive 
Ragweed SP + Positive 
Timothy SP O+ Negative 
Diluting fluid 0+ Negative 
S 2a 2/13/51 G 0.05 6 Ragweed 51 + Positive 
G = Weak positive 
+ Positive 
S 2b G 0.05 5 Ragweed 51 * Weak positive 
S 3 3/ 6/51 G 0.025 7 Ragweed 51 + Positive 
0.05 = Weak positive 
S 4a 3/20/51 0.025 10 Ragweed 51 aL Weak positive 
S 4e 3/24/51 G 0.025 6 Ragweed 51 + Positive 
*SP = Recently prepared extract. 
jRagweed 50 = Stock extract of ragweed pollen prepared in January, 1950. 


¢Corrected readings: 


Sites tested intracutaneously with 0.02 ml. of pollen extract containing 0.1 mg. introgen 
per milliliter. 


Leukocytes washed with Tyrode’s solution. 


we Sensitizing suspensions made of one part leukocytic sediment and nine parts Tyrode's 
solution. 


2. Passwe transfer tests with timothy pollen extracts: Although the re- 
aginic titers for timothy and ragweed pollens were virtually equal in the 
serum of D. G., positive passive transfers to timothy were never elicited with 
his leukocytes by any technique. As the studies progressed, it became ap- 
parent that this failure did not rest on any inadequacies of method, but on 
some immunologic consideration. The fact that D. G. had no clinical symp- 
toms of timothy hay fever, despite his strongly positive skin reaction and high 
reaginie titer for this pollen, prompted a more intensive investigation into the 
relationship between leukocytie transfer and clinical symptoms. These studies 
will be deseribed in detail in a subsequent communication. 


Passive Transfer Studies With Extracts of Leukocytes of Donor D. G— 
When the passive transfer of positive skin reactions by means of extracts of 
leukocytes was successfully accomplished in April, 1951, studies on donor 
D. G. were continued with emphasis on this new technique. Representative 
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examples of the results obtained with the extract technique in this case are 
presented in Table III. Tyrode’s solution or the serum of the recipient was 
used for the washing and extraction of leukocytes. In the earlier trials, one 
part cell sediment was shaken in five parts diluent (recorded as a 1:6 sensi- 
tizing extract in the tables). In later studies, a more concentrated extract 
(1:4) was successfully employed. Of this, 0.05 ml. was injected at each eu- 
taneous site. The interval between site preparation and testing was usually 
from five to nine days. 


TaBLE III. PASSIvE TRANSFER EXPERIMENTS WITH LEUKOCYTIC ExTRACTS OF Donor D. G. 








——_— 


































PREPARATION 
OF LEUKOCYTIC 
EXTRACT 
CELLS 
WASHED —— TESTING OF SITE 
— SENSITIZATION | RE- INTERPRE- 
EXPERI- | DATE OF os OF SITE INTER- ACTION | TATION 
MENT | BLEED- sano RECIP-| VAL ALLERGEN OB- OF 
NO. ING WITH* mages DATE | IENT | (DAYS) (MG. N/MI.. ) TAINED | RESULTS 
E 5a 4/10/51 T 1:6 4/11/51 8S 7 Ragweed 51 0.1 os Positive 
E 5b 4/11/51 W 9 Ragweed 51 0.1 + Positive 
Timothy 51 0.1 0t Negative 
Peanut 0.05 0 Negative 
E lia 3/26/52 S 1:6 3/27/52 F 5 Ragweed 52 0.1 + Positive 
+ Weak 
positive 
Timothy 52 0.1 0 Negative 
E 15b 3/27/52 W 8 Ragweed 52 0.1 + Positive 
E17 4/ 7/52 S 1:6 4/ 8/52 G 7 Ragweed 52 0.1 + Positive 
Ragweed SP 0.1 + Positive 
Timothy 52 0.1 0 Negative 
E19 4/16/52 Ss 1:6 4/17/52 8 7 Ragweed SP 0.1 + Positive 
Ragweed 52 0.1 + Weak 
positive 
Timothy 52 0.1 0 Negative 
E20 4/21/52 Ss 1:6 4/22/52 G 6 Ragweed 52 0.1 + Weak 
positive 
Ragweed SP 0.1 ~ Positive 
Timothy 52 0.1 0 Negative 
E28 §/27/52 Ss 1:4 5/28/52 G 8 Ragweed SP 0.1 + Positive 
Ragweed 52 0.1 = Weak 
positive 
E 35 8 64/ 8/53 iy 1:4 4/9/53 K 8 Ragweed 53 0.1 + Positive 
Timothy 53 0.1 0 Negative 
EK 37 3=4/29/538 dh 1:4 4/30/53 K 7 Ragweed 53 0.1 4 Positive 
Timothy 53 0.1 0 Negative 








*T = Tyrode’s solution; S = serum of recipient; SP = recently prepared extract. 


; 7Sensitizing extract prepared by shaking one part cell sediment in three or five parts 
diluent to form approximately a 1:4 or 1:6 extract. Average shaking time, sixteen hours. 
Amount injected into each site, 0.05 ml. 


As with the cell suspension technique, positive transfer reactions to rag- 
weed were regularly obtained with the extract method. These reactions 
varied from + to + in intensity, with less tendency to disparity than had been 
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observed with the suspension technique. As had been the ease in studies using 
the suspension technique, passive transfer reactions with timothy pollen were 
also consistently negative when the extract technique was employed. 

Comparison of Results Obtained With Both Techniques Using a Single 
Blood Sample.—In the experiments recorded in Tables II and III, the blood 
samples of D. G. were taken on different days and processed by either the 
suspension or extract technique with frequent variations in both procedures. 
In only a few instances was it feasible to run both techniques simultaneously 
on aliquots of the same blood sample. The results of such comparative studies 
on cells of D. G. are presented in Table IV. These comparisons revealed no 
distinct superiority of either technique in demonstrating the transfer of rag- 
weed sensitivity in the case of D. G. 


A COMPARISON OF THE TWO TECHNIQUES 


Comparative tests on specimens obtained from other donors, which are 
being reported elsewhere, tended to confirm the impressions gained from the 


TABLE V. A COMPARISON OF THE LEUKOCYTIC SUSPENSION AND EXTRACT TECHNIQUES 








| SUSPENSION TECHNIQUE _ | 
A suspension of viable 


EXTRACT TECHNIQUE 
The extracted products of 





1. The nature of the trans- 








qu 


6. 


ferred material 


. Time required for process- 


ing transferred material 


. The concentration of the 


transferred material 


. The amount injected at each 


cutaneous site 


. The amount of inflamma- 


tion developing at the site 
of injection 


The variability in site in- 

flammation: 

(a) in different recipients 

(b) at different sites on 
same recipient 


. The average interval be- 


tween preparation and test- 
ing of sites 


. The reading and interpreta- 


tion of test results 


. The maximal passive trans- 


fer reaction obtained 


leukocytes 
Approximately 8 hours 
1 part leukocytic sediment 
suspended in 9 parts of 
diluent (1:10) 


0.025 ml. 


Varies from little to much 


Considerable 
Slight 


From 6 to 11 days 


Rendered difficult by the 
preceding site inflamma- 
tion 


One plus (+) 


shattered leukocytes 


At least 24 hours 


One part leukocytie sediment 
shaken in 8 parts diluent 
(1:4) 

0.05 ml. 


Varies from none to little 


Slight 
Negligible 
From 5 to 9 days 


Presents no unusual problem 


One plus (+) 








studies on D. G. that the two methods seemed equally effective for the local- 
ized transfer of the atopic type of sensitivity. As the work progressed, vari- 
ous features developed in connection with both techniques which served to 
limit their usefulness in certain types of experiments. The most important 
of these considerations are summarized briefly and tabulated in Table V. 











218 WALZER, BOWMAN, AND STROYMAN xf; Alley 

From a comparative analysis of the two techniques, it becomes obvious 
that the suspension method is irreplaceable where the studies require the 
transfer of viable cells. Moreover, the preparation of sensitizing materials 
in the suspension method is a shorter procedure. In most other respects, how- 
ever, the extract technique seems to have more advantages. Its greatest asset 
is that it provides a passive transfer test site which, from its inception, usually 
passes through no pronounced inflammatory phase and at the time of testing 
tends to be relatively normal in its appearance and responsiveness. These 
site qualities are especially important in a passive transfer procedure in which 
the maximal reaction obtained does not exceed a one-plus (+) positive. The 
fact that sites prepared with the extract technique can be tested and read in 
practically the same manner as are serum-sensitized sites in routine indirect 
testing* will unquestionably appeal to the technician or clinician who is al- 
ready well versed in passive transfer procedures. 

It is advisable, nevertheless, to qualify these early impressions on the 
comparative merits of the two procedures by the consideration that so many 
of the studies which prompted them were made on the eells from a single 
donor. Tests with the cells of other atopic donors have tended to support 
these preliminary impressions. However, the total number of patients studied, 
the diversity of atopic manifestations, and the types of allergens investigated 
are still relatively limited. Moreover, the allergic mechanisms which are 
characterized by immediate positive skin reactions and may be regularly 
transferred by means of leukocytes are still to be defined. Furthermore, the 
evidence is by no means complete that the leukocytie extract will transfer 
every sensitizing principle which may be carried by viable leukocytes. For 
these reasons, a much larger and more diversified series of comparative studies 
will be needed before final conclusions can be reached as to the comparative 
values of the two techniques reported here. 


SUMMARY 


The local passive transfer of the atopic wheal type of skin reaction, which 
had previously been effected with suspensions of viable leukocytes, has now 
been accomplished by the use of extracts of fragmented white blood cells. 
The suspension and extraction techniques have been described in detail. They 
have thus far been found to be equally successful for passive transfer except 
in those experiments in which the preservation of cell viability is a prerequi- 
site, in which ease the suspension technique is obligatory. The relative merits 
and disadvantages of both procedures have been reviewed. The absence of a 
pronounced inflammatory response at passive transfer sites prepared with 
leukocytic extracts minimizes most of the difficulties encountered in the test- 
ing and reading of sites prepared with leukocytie suspensions. 
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CHANGES IN WHITE BLOOD CELL AND BONE MARROW 
MORPHOLOGY AND SERUM PROTEIN FRACTIONS IN 
INDUCED AND SPONTANEOUS HYPERSENSITIVITY 

STATES 
D. C. H. Ley, M.D.,* ano J. D. L. FirzGeravp, M.D.,** Toronto, ONTARIO 


Foe many years, investigators have been aware of the important role 
played by various elements of the reticuloendothelial system in the im- 
mune response.’ A delicate mechanism has been postulated for the main- 
tenance of normal gamma globulins and for the production of so-called 
“immune” gamma globulins on demand. From detailed animal experimentation, 
it has become increasingly apparent that the prime cellular response to anti- 
genic stimulation lies somewhere within the lymphocyte-plasma cell system,* ° 
but it is impossible at this stage of our knowledge to define precisely the role 
of either type of cell with regard to immunity, sensitivity, or protein produc- 
tion. Fagraeus® and others’ * seem to have demonstrated, in tissue culture, 
that active antibody production is a function of the developing plasma cell. 
On the other hand, Daugherty and Harris have produced much convincing 
evidence that the lymphocyte is primarily involved in the response to anti- 
genic stimuli.2 These experiments, however, were performed on animals; the 
results, therefore, must be applied to human beings with reservations. 

We first observed the changes to be discussed in the peripheral blood 
of a patient suffering from actue serum sickness with fever, urticaria, arthral- 
gia, joint swelling, lymphadenopathy, and splenomegaly, following the sub- 
cutaneous administration of 1,500 units of antitetanus serum prophylactically. 
In a differential count, 30 per cent of the white blood cells were adult plasma 
cells, and there was an increase in the proportion of atypical young lympho- 
cytes in a total count of 12,000 cells per cubie millimeter. In one week, after 
steroid therapy, all these findings had disappeared. Such a cellular response 
has been reported in the blood and bone marrow in states as diverse as ex- 
perimental immunization and hyperimmunization of animals,® °* human hyper- 
sensitivity to para-aminosalicylic acid and sulfonamides,®"! infection with 
rubella,2? and acute stages of rheumatic fever.2? Although changes in total 
white blood cell count and eecll morphology were noted by von Pirquet and 


From the Department of Medicine, University of Toronto, and the Medical Service of the 
Toronto Western Hospital. 


Presented, in part, before the American Academy of Allergy, St. Louis, Missouri, Feb. 6, 
1956, and before the Canadian Academy of Allergy, Quebec, Province of Quebec, June 13, 1956. 

Received for publication July 9, 1956. 

*Medical Research Fellow, National Research Council of Canada. 

** Attending Physician, Toronto Western Hospital; Clinical Teacher, Department of Medi- 
cine, University of Toronto. 


220 








ng 
ti- 
he 


od 
al- 
ib- 
ma 
10- 
ter 
ise 
2X- 
er- 
ith 
tal 
nd 


>di- 








Volume 28 INDUCED AND SPONTANEOUS HYPERSENSITIVITY STATES 921 
Number 3 

Schick" in the original monograph on serum sickness, neither they nor more 
recent writers made more than passing mention of such changes; nor did 
they give any indication of their incidence or severity.1°"" 


MATERIALS AND METHODS 

This investigation was carried out on sixty-six patients who developed 
hypersensitivity to 1,500 units of prophylactic antitetanus serum. None re- 
ceived therapeutic doses. All reactions occurred between the sixth and 
tenth days after injection, and varied from mild urticaria to full-blown serum 
sickness requiring hospitalization. In seven of the latter, the studies were 
repeated after adrenal steroid therapy. All these patients had fever, gen- 
eralized urticaria, arthralgia, and joint swelling, and five had generalized 
lymphadenopathy and slight splenomegly. Three control groups were in- 
eluded: (1) ten patients who had received antitetanus serum seven days 
previously without developing symptoms; (2) twenty-four spontaneously 
allergic persons, with and without symptoms; and (3) ten normal nonallergic 
persons. 

Skin tests to antitetanus serum were done prior to its prophylactic ad- 
ministration on all reactive patients and on the ten nonreactive controls, and 
were repeated in one week in the latter group. 

Blood studies included a total white blood count and a differential count 
made on 200 cells of capillary blood stained with Wright’s stain; the counts 
were made by two different observers using the same slide. Peripheral smears 
were also stained with methyl green-pyronine and examined for the presence 
of pyroninophilia. 

Serum proteins were measured by fractionation with sodium sulfate in 
thirty-one patients and by electrophoretic separation in thirty-five patients. 
The latter was performed in a Spinco Model R paper electrophoresis system, 
using Veronal buffer at pH 8.6 and ionie strength 0.1, in a Durrum eell. The 
patterns were stained with bromphenol blue, by the technique described in the 
Spinco manual, and protein densities were recorded on squared paper, by 
passage through the Spinco Analytrol. The different protein components 
were then expressed in relative percentages of the total protein present, as 
caleulated from the specially calibrated paper provided for use with this 
apparatus. Each serum was examined in duplicate, and the average values 
were used for purposes of comparison. 

3one marrow aspiration was performed with a Turkel needle on six pa- 
tients with severe antitetanus serum reactions. The smears obtained were 
stained with Wright’s stain for routine counting and with methyl green- 
pyronine. 

RESULTS 

Peripheral Blood.— 

Group A: 


1. Induced hypersensitivity with symptoms. Fifty-six of the sixty-six pa- 
tients had a white blood count over 10,000 (average 11,600) with an increased 
proportion of polymorphonuclear leukocytes, toxie granulation, and a slight 
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shift to the left in the myeloid, series. Only two patients had an eosinophilia 
of over 5 per cent. There was no consistent change in the proportion of mono- 
nuclear cells, but sixty-four patients did show definite morphologic altera- 
tions in that series. The most commonly seen abnormal cell was a large 
lymphocyte with abundant pale blue cytoplasm, frequently vacuolated, and a 
large slightly irregular nucleus (Fig. 1, 4). These corresponded to the so- 
ealled “atypical lymphocyte” (or Downey e¢ell) seen in many virus infections. 
There also were many smaller lymphocytes with less abundant, deeply 
basophilic cytoplasm, and the regular darkly staining nucleus of an adult 
lymphocyte. 


Atypical 
magnifica- 


A, 


(Oil-immersion 


Proceeding from these cells, and merging indistinguishably into adult 
plasma cells, it was possible to demonstrate a progressive series of changes in 
the nucleus and cytoplasm. Any subdivision of this intermediate group of 
cells would be arbitrary and artificial. They were larger than adult lympho- 
cytes with intensely basophilic cytoplasm and large, dark nuclei with reticular 
chromatin, which was sometimes irregularly clumped (Fig. 1, B and C). As 
high as 8 per cent plasma cells were found, although about 2 per cent was the 
usual number (Fig. 1, D). Oceasional proplasmacytes could be identified, but 


adult 


D, 


al blood of patients with induced hypersensitivity. 
plasma cell. i 


g no plasmablasts were seen. There were no changes in the red blood count 

3 or platelets. Adrenal steroid therapy failed to alter cell morphology in any of 
23 the seven patients studied before and after medication. No significant changes 
> occurred in differential counts, although occasional “smudge” cells were ‘seen 
5S in all eases. 
2 2. “Induced hypersensitivity’’ without symptoms. The ten patients who 
Ps received antitetanus serum without reaction exhibited similar morphologic 
ee alteration in the lymphocyte series, but to a lesser degree and without any 
+ quantitative change in total white blood count or differential count. Their 
38 white counts and smears had been normal prior to the administration of serum. 
BS Group B: 
sz 1. Spontaneous hypersensitivity with symptoms. Six patients with severe 
te intrinsie (or infective) asthma and six with angioedema, urticaria, or hay fever 
. exhibited morphologie changes in their lymphocytes and alterations in the 
3 differential counts which were similar to, but less marked than, those ob- 
eg served in patients with induced hypersensitivity, whether on steroid therapy 
ge or not. No adult plasma cells were seen. These changes were unrelated to 
Be the degree of eosinophilia present. 
Ze 2. Spontaneous hypersensitivity without symptoms. Twelve asymptomaie 
|e patients with clinically controlled allergie rhinitis showed no such cellular altera- 
ry tions, although they all had a mild (3 to 4 per cent) eosinophilia. All were on 
ms, hyposensitization therapy. 

ns Bone Marrow.—The bone marrow was examined in six eases of severe 


gveneralized serum sickness. Although all the marrows examined showed a 
slight inerease in the number of lymphoeytes present with the same morpho- 
logic changes as those seen in the peripheral blood, none contained an increased 
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number of plasma cells above the accepted normal peak of 6 per cent. Ex- 
cept for slight myeloid stimulation, there were no other changes in the bone 
marrow. 

Serum Proteins.—The serum proteins of thirty-one patients with reactions 
to antitetanus serum were studied solely by salting out. Although there was a 
relatively constant elevation of euglobulin and 13.5 per cent globulin with 
depression of pseudoglobulin II, most marked in those patients with definite 
cellular changes, this relationship was by no means consistent. In an effort 
to find some closer relationship between alterations in cell morphology and 
serum protein pattern, paper electrophoresis was used to separate the proteins 
of the last thirty-five patients of the series and the control groups. 

Serum albumin: 


, 


1. ‘‘Induced hypersensitivity.’’ As can be seen from Fig. 2, patients in this 
group, with or without symptoms, had low relative serum albumin values. 
This shift was accompanied by trailing of the frequency curve to the left 
below the normal range, and was less marked in those patients who did not de- 
velop symptoms. 
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Fig. 2. 





2. Spontaneous hypersensitivity. Patients with spontaneous hypersensi- 
tivity, with and without symptoms, showed no such decrease, but values were 
seattered and distributed mainly to the right of the frequency curve above the 
normal range. 

Serum gamma globulin: 

1. ‘Induced hypersensitivity.’? As can be seen from Fig. 3, patients in 
this group showed elevated gamma globulin values, with a shift to the right 
of normal values, and a trailing off into higher levels. In addition, occasional 
high values were obtained for beta and alpha, globulins. An abnormal elobu- 
lin peak was demonstrated in only two patients, and in both it lay between 
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beta and alpha., and was present in considerable amount. The inerease in 
globulin was slight in those patients who received antitetanus serum but did 
not develop signs or symptoms of hypersensitivity. In four of the ten pa- 
tients the globulin change was not statistically significant. 

Effects of Steroid Therapy.—Seven patients with severe serum sickness 
were admitted to the hospital and treated with intravenous hydrocortisone 
hemisuccinate, followed by oral prednisone. The dosage was adjusted to con- 
trol the patients’ symptoms and was tapered off gradually. Once the clinical 
evidence of hypersensitivity had subsided, the cell counts, smears, and protein 
fractions were re-examined. No significant change in either cells or serum 
proteins was found in any of these patients. 
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Fig. 3. 


Skin Testing.—Only eight of the subjects who subsequently exhibited a 
reaction to antitetanus serum had a positive skin test prior to its admin- 
istration. None were retested. Five control patients were skin tested before 
and one week after being given 1,500 units of serum, and none of these tests 
became positive. 

DISCUSSION AND CONCLUSIONS 

The results obtained in this short-term clinical experiment have provided 
evidence that the hypersensitivity response in man, as in animals, is mediated 
through the lymphocyte-plasma cell system. The most consistent cellular 
response in both induced and spontaneous hypersensitivity was an alteration 
of lymphocyte morphology to resemble the plasma cell. It is significant that 
adult plasma cells appeared in only the patients with induced serum sick- 
ness; this suggests that such reactions may represent quantitative differences 
in tissue response to challenge, rather than any qualitative alteration in the 
mechanism itself. 
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The bone marrows of six patients mirrored the changes in the peripheral 


‘plood, which conforms with the present belief that the plasma cell and lympho- 


eyte are formed primarily in lymph nodes and other elements of the reticulo- 
endothelial system, and not in the marrow. 

No attempt was made to divide the cells into two groups on a morpho- 
logic basis. The trend certainly was toward an increased population of a 
plasma cell type. This was supported by a slight but definite increase in 
pyroninophilia of the more basophilic of these cells without evidence of im- 
maturity, such as nuclear changes. We could conclude only that both cell 
types were involved in an interrelated reaction to an antigenic stimulus. 

The cell changes in the induced hypersensitivity states were accompanied 
by an increase in circulating gamma globulins, and very occasionally by in- 
creased beta and alpha globulins (particularly alpha,). Although there was 
no precise correlation between the clinical severity of the reaction and the 
changes in ¢cells or proteins, the most marked alterations in both were seen in 
symptomatic as opposed to “asymptomatic” hypersensitivity. 

The significance of the opposing changes in serum albumin in the two 
groups of patients is unknown. Long?’ has emphasized that serum protein 
values at any given time are representative of biologie responses to many 
factors, including infection, nutrition, and endocrine functions. Although 
overt infection was avoided when choosing subjects to be included in the spon- 
taneously hypersensitive group, many had had symptoms for years, and the 
factors determining serum albumin levels may have been multiple, apart 
from hypersensitivity per se. 

The gamma globulin levels were increased in both types of hypersensi- 
tivity. This was most definite, and constant, in the induced type in which 
there was a well-defined frequency peak to the right of the normal curve. Oc- 
casional isolated peaks occurred in beta and alpha, components (Fig. 4). A 
less well-defined shift to the right could be demonstrated in the spontaneous 
type of sensitivity, but no other globulin peaks were present. Values for 
gamma globulin in both groups were widely distributed, but the spread was 
more marked in the spontaneous group. 

Interpretation of these results without measurement of biologie antibody 
activity in the various globulin fractions is, unfortunately, mere speculation. 
However, it seems reasonable to consider the scattered globulin peaks and the 
shift of globulin values to the right of the normal range as reflections of anti- 
body activity whether due to reagin or to other types of antibodies. The fail- 
ure to produce a positive skin test in the control patients is reflected in the 
minor cellular «and globulin changes in these patients and is possibly in- 
dicative of minimal antibody response on their part. 


These findings suggest that the changes produced in blood cells after 
stimulation with antitetanus serum are similar to those which occur in pa- 
tients with a tendeney to develop spontaneous allergic reactions. The hyper- 
immune response with clinical serum sickness differs only in the degree of 
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cellular reaction. The widespread globulin changes found in these patients 
might represent an excessive response of the body’s immune mechanism, with 
production of a variety of qualitatively different antibodies. 


SUMMARY 


1. Changes in the lymphocyte-plasma cell series in the peripheral blood 
and bone marrow of patients with induced and spontaneous hypersensitivity 


have been described. 
2. Adrenal steroid therapy, sufficient to suppress symptoms, did not affect 


the changes observed. 

3. Variations in serum protein fractions in both types of hypersensitive 
states have been noted. These primarily involved the gamma globulins in the 
induced group, but alterations in all globulin components were noted in the 


spontaneous group. 


The authors would like to express their appreciation for the advice and technical 
assistance given to them by Miss M. Grady, Miss R. E. Porrett, and Mr. J, 8, Wilson of 
the Haematology and Biochemistry Departments of the Toronto Western Hospital. 
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LOCALIZATION OF BLOCKING ANTIBODY IN SERA OF 
RAGWEED-SENSITIVE INDIVIDUALS BY 
STARCH ELECTROPHORESIS 


A. H. SEHoN, Pu.D., H. Z. HoLuincer, M.D.,* J. G. Harrer, M.D.,** 
A. E. SCHWEITZER, B.Sc., AND B. Rose, M.D., Mon TREAL, QUEBEC 


N A recent report from this laboratory’ it was shown that sera of ragweed- 

sensitive persons could be separated into electrophoretically distinet serum 
fractions by starch electrophoresis, and that the skin-sensitizing activity was 
associated with the gamma, and/or gamma, globulins. All other serum frac- 
tions were found to be devoid of reaginie activity. 

In continuation of our studies on antibody-like factors in allergic sera, 
starch electrophoresis was used in the present investigation for the localization 
of blocking antibodies in the sera of treated allergic persons. Since the initia- 
tion of the present work, two independent reports” * have been published re- 
cently on the localization of the blocking antibody to ragweed pollen. Cooke 
and associates,? using the combined methods of ammonium sulfate fractiona- 
tion, electrophoresis-convection, and free electrophoresis with the aid of the 
preparative macro-Tiselius cell, and Loveless and Cann,’ using electrophoresis- 
convection, were able to demonstrate that the bulk of the blocking antibody 
was associated with gamma globulins. However, the possibility of some block- 
ing activity being associated with other serum proteins could not be unequivo- 
cally excluded. The results of our study, presented in this article, indicate 
that blocking antibody is associated exclusively with gamma globulins. 


EXPERIMENTAL 


Blocking sera were obtained from six ragweed-sensitive patients who had 
been given an intensive course of injections of whole ragweed pollen extract 
for a period of two to three months prior to bleeding. About 100 ml. of blood 
was collected from each patient. The blood was processed in the usnal way.’ 

Zone Electrophoresis—Since the present study constitutes only a prelim- 
inary survey as regards the localization of the blocking antibody, the sera 
were separated into pooled “peak fractions,”! namely, into the clearly delin- 
eated albumin, and ay-, a@-, B-, y:-, and y2-globulin fractions, and not into the 
different serum subfractions (40 to 60 eluates) as was done in the study of the 
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and the Department of Experimental Medicine, McGill University. 

These studies were supported by a grant from the Department of National Health and 
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skin-sensitizing antibody. The procedure used was otherwise identical in all 
respects to that deseribed previously.!. The pooled eluates, constituting the 
different, electrophoretically distinet, serum fractions were individually Seitz 
filtered into sterile Visking tubings and coneentrated by pervaporation to 
final volumes of about 6 to 8 ml. Pervaporation was alternated with dialysis 
against 0.9 per cent saline solution in order to avoid excessive concentration 
of salts in the Visking tubings. For the same reason, in some experiments 
the sterile contents of the Visking tubing were dialyzed against distilled water 
or tap water prior to pervaporation. In the latter cases pervaporation was 
performed without interruption until the desired final concentration was 
reached. The concentrated serum fractions to be skin tested were then dia- 
lyzed against saline for about twenty-four hours and transferred into sterile 
vials through Swinny-Seitz filters. The sterile fractions and whole sera were 
stored at 4° C. 


Tiselius Electrophoresis ——This was used for the analysis of the whole sera. 
The method as applied in this laboratory was fully described previously.! 
The individual pooled “peak fractions” were not recharacterized by Tiselius 
electrophoresis, since it was shown earlier! that the designation of the various 
serum components on the basis of the protein distribution curve obtained by 
starch electrophoresis corresponded closely to that commonly accepted for 
free electrophoresis. 


Detection and Titration of Blocking Antibody.—The method used in this 
study was essentially similar to that described by Loveless* * and by Cooke 
and associates.2, It depends primarily on the ability of blocking antibody to 
combine or inactivate in vitro a known amount of the corresponding allergen. 
In this method a known amount of reagin is used as internal indicator. The 
method consisted of two stages: (1) titration of the reagin content in an ali- 
quot of serum containing only skin-sensitizing antibody with a known amount 
of allergen and (2) titration of the blocking antibody. To avoid complications 
due to the presence of reagin, which is normally present in addition to block- 
ing antibody in sera of treated allergic persons, the former was inactivated 
prior to the titration of blocking antibody in the whole sera and in the serum 
fractions by heating at 56° C. for periods of as long as six hours. 


Stage 1: A reaginie serum, obtained from an untreated ragweed-allergic 
patient, was diluted with saline so that 1 ml. of the solution contained sufficient 
reagin to neutralize approximately 200 units of ragweed pollen.* This solu- 
tion will be referred to hereafter as R. Six sites on the back of a normal 
nonsensitive person were injected with 0.05 ml. of solution R. Twenty-four 
hours later these sites were injected with 0.05 ml. of ragweed pollen extract 
of varying concentrations (for example, from 50 to 300 units per milliliter). 
Within twenty to forty minutes, typical wheals and flares developed at each 
site, the minimum reaction being given by the sites injected with the lowest 


*One uhit corresponds to 10-5 mg. nitrogen. 
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l dose of ragweed pollen. However, no direct relationship was observed be- 
C tween the amount of ragweed injected and the extent of reaction.* On the 
/ third day all sites were injected with 0.05 ml. of a concentrated ragweed pollen 
) extract (500 to 600 units per milliliter). The sites which had received previ- 
s ously (on the second day) amounts of ragweed in excess of that required for 
1 neutralizing the reagin content in 0.05 ml. of solution R did not give any re- 
Ss actions. The sites which had received smaller amounts of the allergen than 
y that required for neutralization gave positive reactions. The true neutralizing 
; dose was considered to correspond to the average between the lowest dose of 
; ragweed injected on the second day, which was just short of neutralizing all 
; the reagin, and the next higher dose which had reacted with all the reagin. 
The scheme of a typical experiment for the titration of reagin in solution R 
is given in Table I. Additional control sites were injected on the first day 


with saline and on the third day with the ragweed solution containing 500 
units per milliliter. The sites were marked with carbolfuchsin to facilitate 
their recognition. All tests were done in triplicate on the same subject. Each 
experiment was repeated on several subjects. 

















; TABLE I 
SITES 
; 1 | 2 | 3 | 4 | 5 | 6 
First day Sensitiza- 0.05 ml, 0.05 ml. 0.05 ml. 0.05 ml. 0.05 ml. 0.05 ml. 
tion with 
R* 
Second day Injectionof 50u./ml. 100u./ml. 150u./ml. 200u./ml. 250 u./ml, 300 u./ml. 
) allergent 
) Third day Injectionof 500u./ml. 500u./ml. 500u./ml. 500 u./ml. 500 u./ml. 500 u./ml. 
allergent 
*R represents reaginic serum diluted 1:100. 
70.05 ml. used for each injection, 1 u. = 10-5 mg. nitrogen. 


Stage 2: For the detection of blocking antibody, the following procedure 
was used: An aliquot of the whole serum or serum fraction suspected of con- 
taining blocking antibody was mixed in a sterile vial with a caleulated amount 
of allergen (An) and ineubated at 4° C. for twenty-four hours (mixture 
An-B).t An appropriate volume of the reaginie serum{ used in Stage 1, 
corresponding to that which would be neutralized by An units of the allergen, 
was then added to the mixture “An-B” and the vial was allowed to stand at 
room temperature for about one hour. Subsequently, 0.05 ml. of the combined 
mixture was injected into the skin of a nonallergie person. Control sites were 
injected with a mixture containing the same amounts of reagin and ragweed 
as in the test mixture, the only difference being that the blocking serum was 
replaced by saline. Some of the sites gave immediate reactions which were 
ignored since they could not be graded. Twenty-four hours later both test 
and control sites were injected with excess allergen. The control sites gave 
no reactions, since there was no free reagin left to react with the additional 





*This problem is fully discussed elsewhere.® 
+The solutions were filtered through a Swinny-Seitz filter. 
¢The same reaginic serum was used in all blocking experiments. 














229 SEHON, HOLLINGER, HARTER, SCHWEITZER, AND ROSE eg 
allergen injected on the second day. On the other hand, sites containing 
blocking antibody gave a wheal and erythema, thus demonstrating that some 
of the allergen An had been “blocked” during incubation and that reagin was 
still available for further reaction with the allergen. 

For the titration of blocking antibody, a series of mixtures containing 
the blocking serum in halving dilutions and constant amounts of reagin and 
ragweed (the latter two in neutralizing amounts with respect to each other) 
were made up as described above. Then 0.05 ml. of these mixtures was in- 
jected into the skin of a test subject. After twenty-four hours all sites were 
injected with excess allergen. The sites sensitized with mixtures containing 
the highest amount of blocking antibody gave the strongest reaction. The 
other sites, containing blocking antibody in decreasing amounts, gave smaller 
and graded reactions. The blocking titer was given by the (14)®-th dilution 
of the blocking serum (where n represents the number of half-dilutions) which 
still gave a detectable reaction. Thus, using the same amount of reagin and 
the corresponding neutralizing dose of allergen, the degree of blocking ability 
could be established for a series of blocking sera. All tests were done in 
triplicate and on more than one subject. <A typical experiment for the titra- 
tion of blocking antibody is illustrated in Table II. 


TABLE II. PROCEDURE FOR TITRATION OF BLOCKING ANTIBODY 








TEST MIXTURES 








i] ae ae ee ae ee a ae ae ee 7 | 8 
2 ml, of blocking serum Pe. 1:2 1:4 1:8 1:16 1:32 1:64 0 mi, 
in dilutions 
Volume of saline 0 0 0 0 0 0 0 2 ml. 
Allergen solution* tem tomk Tem: im faak- ionk Pemk Donk 


All mixtures incubated at 4° C. for 24 hours, followed by addition of reagin solution. 
Reagin solution* emi, demi Dank. Ink emi mk Dak demi, 


After incubation for 1 hour at room temperature, 0.05 ml. of each mixture was used for 
Prausnitz-Kiistner test. 





*The allergen and reagin solutions were used in neutralizing concentrations with respect 
to each other, as determined in titration experiments. Since both sclutions were diluted four- 
fold in the preparation of these test mixtures, their concentrations were four times as high 
as those used in titration experiments. 


The allergen solutions used for making up the mixture “An-B” and for 
challenging the sensitized sites consisted of a water-soluble ragweed pollen 
extract (WSR) in preliminary experiments. Since it caused some irritation 
and did not give consistently reproducible results, it was replaced by a rag- 
weed pollen fraction, named AA,+Pt* (prepared by zone electrophoresis using 
filter paper as a supporting medium) which gave well-defined reactions with- 
out irritation. The justification for using AA,+Pt instead of WSR was af- 
forded by the fact that the same blocking titer was obtained with either aller- 
genic solution. The sera separated by starch electrophoresis were heated just 
prior to the titration of the blocking antibody. The concentrated fractions 


*We are indebted to Mr. M. Richter of this laboratory for the AAi+Pt ragweed pollen 
fraction. The preparation of this fraction is described elsewhere.* 














n 


|= 

















Volume 2 ANTIBODY IN SERA OF RAGWEED-SENSITIVE PERSONS 933 
Number 5 ; 
were tested for reaginic content before determination of their blocking titer. 
The fractions containing reagin were heated at 56° C. for a period not longer 
than necessary to inactivate reagin. 
RESULTS AND DISCUSSION 

The results of free electrophoresis for the six sera studied are given in 
Table III, together with our values for normal sera. The extent of reaginic 
activity of the six sera, as measured by the degree of dilution which still gave 
a positive skin test, is represented in Table IV. It is interesting to note that 


TABLE IIT 













































































A ey ALB, | ay | a, | B | Y 
EXPERI- GM./ PER GM./ | PER GM./ PER GM./ PER GM./ PER | GM./ 
MENT NO.| SERUM | 100 ML. | CENT | 100 ML. | CENT | 100 ML. | CENT | 100 ML.| CENT | 100 ML.| CENT | 100 ML. 
E 1064 A 7.20 63.17 4.55 3.49 0.25 7.56 0.54 13.27 0.95 12.50 0.90 
E 996 Sh 7.32 61.89 4.53 4.93 0.36 5.54 0.40 14.09 1.03 13.55 0.99 
E 947 P 6.84 52.70 3.60 3.38 0.23 7.97 0.54 13.58 0.93 22.36 1.53 
E 1266 WHI 7.98 61.22 4.88 4.61 0.37 8.37 0.67 12.06 0.96 13.73 1.09 
E1414 WHII 7.32 62.97 4.61 4.62 0.34 6.65 0.47 14.77 1.08 10.99 0.80 
E1412 DII 7.26 51.86 3.76 5.50 0.40 11.78 0.85 15.58 a3 15.27 i a 
NORMAL SERA 
T.P. ALB. a, Qa, B Y 
GM./ PER | GM./ PER | GM./ PER GM./ PER GM./ PER GM./ 
100 Mi. ! CENT |100 ML. | CENT |100 ML. | CENT |100 ML.| CENT |100 ML.! CENT | 100 ML. 
22 Males 
Average 7.93 59.46 4.73 4.68 0.36 8.60 0.69 12.92 1.06 14.33 1.08 
§.D. +0.56 +3.16 +0.31 +1.81 +0.06 +1.43 +0.16 +1.27 +012 +2246 +0.19 
14 Females 
Average 7.92 58.40 4.69 o-L7 0.42 9.8] 0.72 12.42 1.00 14.18 1.08 
S8.D. +0.71 +2.31 +0.39 +0.73 +0.07 +0.98 +0.13 +1.18 +0.11 +1.76 +0.17 





*T.P. refers to total protein, determined refractometrically. 


the first, serum A, did not give a positive Prausnitz-Kiistner reaction, although 
a strongly positive skin test was given by the patient who also had clinical 
symptoms characteristic of ragweed hay fever. The other five sera gave 
strongly positive reactions in normal skin. 


TABLE IV 














SERUM | REAGIN TITER | BLOCKING TITER 
A 0 1:4 
Sh 1:1,000 1:4 
P 1:10,000 1:8 
WI 1:1,000 1:32 
W II 1:1,000 1:16 
D II 1:1,000 1:64 





All six sera were shown to contain blocking activity after treatment. 
Their blocking titers are given in Table IV. The first two sera, A and Sh, 
exhibited only weak blocking ability, which could not be detected in dilutions 
higher than 1:4. The other four sera had reasonably good blocking titers. 
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The electrophoretic separation of four sera by starch electrophoresis is 
illustrated in Fig. 1. Sinee the primary aim in the present study was to de- 
velop a method for the demonstration of blocking antibody in the serum frac- 
tion(s) with which it is associated, the starch blocks were divided into only 
five or six large fractions without eliminating the possible contamination due 
to serum proteins present in the interzonal regions. Blocking activity could 
not be clearly demonstrated in any of the fractions of the two weakly block- 
ing sera, A and Sh. In all the other four sera, however, blocking activity was 
found to be associated with the gamma, globulins. In addition, in one of the 
four sera, namely, D II, some blocking activity was also detected in the 
gamma, globulins. All other serum fractions were found to be completely 
devoid of any blocking activity. Our results confirm the previous findings of 
Cooke and associates? and Loveless and Cann® and demonstrate that blocking 
activity in sera of ragweed-sensitive patients is confined to y-globulins only, 
mainly to the slow y.-globulins. 
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Fig. 2.—Effect of heating on human serum (56 degrees). 


In sera P, Sh, and W I, reaginie activity was found to be associated only 
with the y,-globulins. These findings are similar, to some extent, to those of 
Kuhns,’ who has shown that skin-sensitizing antibodies and blocking non- 
precipitating antibodies to diphtheria toxin are found in the y,- and y2-globu- 
lins, respectively. 

In this connection, it is also worth mentioning that Cooke and associates,® 
using ammonium sulfate fractionation, showed that the skin-sensitizing and 
blocking antibodies to ragweed were associated with two different fractions, 
isolated by precipitation at 55 per cent and 33.3 per cent ammonium sulfate, 
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respectively. In our own experience, serum proteins precipitated at 33.3 per 
cent ammonium sulfate contain mainly y.-globulins, while the additional frac- 
tion precipitated at 55 per cent ammonium sulfate contains the faster moving 
a-, B-, and y:-globulins in addition to small amounts of y2-globulins. 

The reagin present in the sera to be fractionated was inactivated by heat- 
ing only after separation on the starch blocks, since, as one would expect,’ 
heating at 56° C. for periods as long as six hours caused considerable altera- 
tion of some serum proteins, as demonstrated by electrophoretic analysis. 
This is illustrated in Fig. 2. As can be seen, the B-globulins of the whole sera 
were affected, on heating, to a larger extent than any of the other serum pro- 
teins, the net effect manifesting itself by an increase in mobility of the altered 
proteins. The sera remained clear after heating for periods of as long as six 
hours. Electrophoretic analysis of sera heated for varying shorter times 
showed that the alteration of the B-globulins was a gradual process. These 
findings confirm other results obtained in this laboratory,® suggesting that 
the B-globulins, in all probability the 8-lipoproteins, are the most labile com- 
ponents of human serum, at least as determined by electrophoresis. 

The complexity of the test for blocking antibody is self-evident. The 
main source of error in determining the blocking titer lies in establishing the 
correct dose of allergen necessary to neutralize the reagin used as the indi- 
eator of the titration. Incorporation in the mixture “An-B” of larger amounts 
of allergen than necessary will lead to an erroneously low blocking titer or to 
complete failure in detecting any blocking antibody. Conversely, addition of 
lower quantities of allergen will give an apparently higher blocking titer than 
the true one. However, it ought to be stressed that, in spite of these diffi- 
culties, the results obtained with any given series of test mixtures were inde- 
pendent of the normal skin used. Attempts at increasing the sensitivity of 
the test for blocking antibody are being made and will be reported elsewhere. 


SUMMARY 


Using starch electrophoresis, blocking activity of four sera of treated rag- 
weed-sensitive patients was demonstrated to reside mainly in the slow-moving 
gamma globulins. No blocking antibodies were detected in other serum frac- 
tions. The method of detection and titration of blocking antibodies is de- 
seribed in detail. 


We should like to acknowledge the skillful technical assistance of Mr. P. L. Rojowski, 
Mr. S. Kennedy, and Mrs. A, Elovie in these experiments. 
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STUDIES OF MATERIALS DERIVED FROM STAPHYLOCOCCUS 


III. ProtectivE AcTION oF GAMMA GLOBULIN AGAINST THE ANAPHYLACTOID 
NFFECTS OF A STAPHYLOCOCCAL BACTERIAL F'RACTION* 


Murray Dworetzxky, M.D., Sam M. BEIsEr, Puo.D., K. MAariLyN Smart, M.A,, 
AND Horace S. Bautpwin, M.D., NEw York, N. Y. 


ALINE extracts prepared in this laboratory from three strains of Staphylo- 
coccus aureus, washed free from culture filtrate, have been reported to cause 
anaphylactoid reactions in the isolated guinea pig ileum.’}? This toxic effect 
was limited to a fraction precipitated at pH 3.5 (fraction A), which is prob- 
ably a nucleoprotein. In contrast to the anaphylactoid effect of bacterial 
extract and fraction A from pathogenic strains of bacteria, extract and frac- 
tion A from nonpathogenic staphylococci had no toxic properties.: Further- 
more, the toxie activity of the extract was quite different from the toxic effect 
of culture filtrates of the same strains of Staphylococcus aureus.? 

In the process of extending this work, the protective effect of horse anti- 
staphylocoecic serum upon the anaphylactoid reaction of toxic fraction A was 
studied. However, control studies revealed that normal horse serum had the 
same protective effect as the antiserum. The present article reports the re- 
sults of investigations of this protective effect. 


MATERIALS AND METHODS 


One- to two-inch segments of fresh guinea pig ileum, suspended in a 5 
ml. bath containing Tyrode’s solution, maintained at 37° C. were used. The 
upper end of the segment was tied to a simple lever which recorded longi- 
tudinal movements of the segment on a smoked drum rotating at a speed of 
2.5 em. per minute. 

In each experiment 0.2 ml. of serum, or equivalent doses of serum frac- 
tions, were added to the bath. Thirty seconds to one minute later, toxic frac- 
tion A was added and the record was continued for one and one-half minutes, 
to allow a contraction, if any, to occur. In order to assure complete removal 
of the serum or serum fractions, the bath was then rinsed three times, fol- 
lowed by five additions of 0.1 meg. of histamine standard with three washes 


From Cornell University Medical College and New York Hospital, Department of Medi- 
cine (M.D. and H.S.B.) and Department of Public Health and Preventive Medicine (K.M.S.), 
and Columbia University College of Physicians and Surgeons, Department of Microbiology 
(S.M.B.). 

This study has been supported by grants from the United States Public Health Service 
(Grant #E1227), Ciba Pharmaceutical Company, Summit, New Jersey, and the Irving Berlin 
Charitable Foundation. 

Presented in part at the twelfth annual meeting of the American Academy of Allergy, 
Feb. 5, 1956, St. Louis, Missouri. 

Received for publication Dec. 12, 1956. 

: *Bibliography refrences 1 and 2 are considered Parts I and II, respectively, in this 
series. 
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between each addition. Toxie fraction A was then added, without serum or 
serum fractions, to demonstrate the anaphylactoid reaction described in previ- 
ous reports.” 7 

In a few of the earlier experiments, rather than adding the materials 
separately, serum was first mixed with fraction A and ineubated at 37 degrees 
for thirty minutes prior to addition to the bath. This prolonged incubation 
was found to be unneeessary. 

A total of 110 segments of ileum from seventy-three guinea pigs were 
used (Table I). Sixty segments were used to study the protective effects of 
serum or gamma globulin against the toxie staphylococcal extract or fraction 
A, and the remaining fifty segments were used in control studies. These in- 
eluded investigation of the effeet of substances other than whole serum or 
gamma globulin upon the toxie activity of bacterial extract or fraction A, as 
well as determination of the effect of serum or gamma globulin on the action 
of myotonie substances other than bacterial extract or fraction A. 


TABLE I. DISTRIBUTION OF 110 EXPERIMENTS IN StuDy (73 ANIMALS) 








| MYOTONIC AGENTS 
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SUBSTANCES STUDIED FOR mt | < = 2 = S g 
PROTECTIVE EFFECT = ay S) se 5 < = 
Serum,* whole 24 7 1 8 I? 41 
Serum gamma globulin 6 12 5 3 2 8 36 
Serum beta globulin 5 5 
Serum alpha globulin 2 1 3 
Serum albumin 3 3 
Serum fibrinogen 1 1 
Serum, whole, rat 6 5 11 
Egg white 3 3 
Egg yolk 2 2 + 
Cobra venom 1 1 
Glycerin 2 2 
Totals 54 28 6 11 2 9 110 





*Human, equine, bovine, rabbit, and guinea pig. 


Jacterial extract, fraction A, and culture filtrate were prepared as de- 
scribed previously.’ Culture filtrate was dialyzed against distilled water to 
remove histamine which is regularly present. 

Naja nivea (cobra) venom was obtained in crystalline form* and was used 
in aqueous solution. 


Human, horse, rabbit, guinea pig, and rat sera were used in various ex- 
periments. 





*Kindly supplied by Dr. Charles N. Bogert, American Museum of Natural History. New 
York, N. Y¥. 











240 DWORETZKY, BEISER, SMART, AND BALDWIN vj, Alerey 

The following serum fractions were used: bovine serum fibrinogen; al- 
bumin; alpha, beta, and gamma globulin,* pooled human gamma globulin,+ 
and one individual human alpha and beta globulin sample. 

In addition, 20 per cent aqueous solutions of egg white and egg yolk and 
a 25 per cent aqueous solution of glycerin were used for some of the control 
studies. Histamine standard contained 1.0 meg. of histamine base per milli- 
liter. 

RESULTS 

To demonstrate protection, two criteria must be fulfilled: (1) absence of 
contraction of the ileum following addition of bacterial extract or fraction A 
(F-10) to the bath containing serum, serum fractions, or controls, and (2) 
typical anaphylactoid response to bacterial extract or fraction A, after re- 
moval of serum, fractions, or controls, followed by tachyphylaxis (that is, loss 
of responsiveness to bacterial extract or fraction A after the initial contrae- 
tion). 

Expériments in which the reaction to extract or fraction A was unaffected 
by the presence of serum, fractions, or control materials were considered 
“no protection.” Those in which only one of the two criteria was fulfilled 
were considered “undetermined.” This classification was necessary because, 
unless a reaction to extract or fraction A could be demonstrated after removal 
of the protective substance, one could not be certain that the ileum segment 
was capable of response originally, a prerequisite for the demonstration of 
protection. 

Whole serum or gamma globulin protected the isolated guinea pig ileum 
against the anaphylactoid effects of pathogenic staphylococcus bacterial ex- 
tract or fraction A (F-10) (Fig. 1). This was demonstrated by the absence 
of initial contraction in the presence of serum or gamma globulin (criterion 1), 
and after washing out the serum or gamma globulin, by the typical anaphylactoid 
reaction, followed by tachyphylaxis, when a second and a third dose of extract 
or fraction A were added to the bath (criterion 2). Of forty-nine experiments 
with whole serum or gamma globulin from human, horse, rabbit, guinea pig, 
and bovine sources, protection was demonstrated in forty-one. Human serum 
was employed in ten instances, human gamma globulin in fifteen, horse serum 
in seven, rabbit serum in eleven, guinea pig serum in three, and bovine gamma 
globulin in three. Protection was demonstrated with all of these. 

The heat stability of the protective effect was tested on seven ileum seg- 
ments from seven guinea pigs by challenge with whole bacterial extract in 
three instances and with toxic fraction A (F-10) in four, following the initial 
addition of pooled human gamma globulin, previously heated at 56 degrees 
for thirty minutes. In all seven cases protection was unaffected, being present 
to the same degree as in the unheated gamma globulin. 

In only one of the forty-nine experiments did serum or gamma globulin 
from the species mentioned fail to protect against the anaphylactoid reaction 

*These fractions were kindly supplied by the Armour Laboratories. 

*Kindly supplied by Pitman-Moore Company. 


tKindly supplied by Dr. Leonhard Korngold, Sloan Kettering Institute for Cancer Re- 
search. 
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of bacterial extract or toxic fraction A (F-10). In that instance, normal rabbit 
serum was incubated with toxic fraction A at 37 degrees for thirty minutes. 
Addition of this mixture to the bath resulted in typical anaphylactoid con- 
traction. After washing, addition of toxic fraction A caused no contraction, 
demonstrating tachyphylaxis. In five other experiments with five ileum seg- 
ments from five guinea pigs, normal rabbit serum protected the guinea pig 
ileum against the bacterial extract or toxie fraction A. 

In seven of the forty-nine experiments, the degree of protection was re- 
carded as “undetermined,” because the required criteria for protection were 
not fulfilled. Five of the seven showed slight or no reaction to the toxie bae- 
terial extract or fraction A, when given with or immediately after serum, ful- 
filling the first criterion for protection. After washing out the perfusion bath, 
however, addition of extract or fraction A again resulted in slight or no reae- 
tion, therefore failing to fulfill the second criterion for protection. This may 





Fig. 1.—Protection by gamma globulin against the anaphylactoid effect of Staphylococcus 
aureus (F-10) fraction A upon isolated suspended segment of normal guinea pig ileum. 8 
indicates addition of 0.1 meg. of standard histamine base, followed by three washes at height 
of contraction. W indicates three washes. 

At G.G. (H), 8.5 mg. protein nitrogen of pooled human gamma globulin added to bath. 
After one minute, addition of 0.18 mg. protein nitrogen of fraction A (F-10) fails to cause the 
customary contraction (first criterion for designation of ‘‘protection’’). 

After five additions of histamine standard, with three washes between each, two additions 
of fraction A (F-10), separated by three washes, demonstrate the customary contraction with 
the first addition and lack of response (tachyphylaxis) with the second (second criterion for 
designation of “protection” ). 


have resulted from the production of tachyphylaxis without a preceding con- 
traction, or it may have been due to a segment of ileum which was unrespon- 
sive to toxie fraction A. Such a reaction could also result from incomplete 
rinsing of the bath, allowing a sufficient amount of serum to remain behind 
to protect against the second dose of fraction A. 
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Of the latter five cases of ‘‘undetermined’’ protection, two involved normal 
rabbit serum, one involved horse serum, and two involved human serum. How- 
ever, five other tests with normal rabbit serum, three with Coombs’ rabbit 
anti-gamma globulin, six with normal horse serum, and twenty-three with 
human serum or pooled human gamma globulin all showed protection against 
the toxie fraction A. 





Fig. 2.—“Indeterminate protection” by gamma globulin against anaphylactoid effect of 
Staphylococcus aureus (F-10) fraction A upon isolated suspended segment of guinea pig 
ileum. S and W as in Fig. 1. 


At G.G. (BV), 10.5 mg. protein nitrogen of pooled bovine gamma globulin added to bath, 
followed in one minute by addition of 0.36 mg. protein nitrogen of fraction A. Maximal con- 
traction in fifteen seconds, followed by relaxation in thirty seconds. 


After three washes at A (F-10), 0.36 mg. protein nitrogen of fraction A (F-10) again 
added. Maximum contraction, as before (that is, no tachyphylaxis). 


After three washes, addition of same dose of fraction A as above results in no reaction 
(that is, tachyphylaxis). 


Finally, two experiments with bovine gamma globulin gave undetermined 
protection against toxie fraction A (Fig. 2), which differed in type from the 
above five examples of “undetermined” protection. These utilized adjacent 
segments of ileum from a guinea pig which had been sensitized by four daily 
intradermal injections of 0.5 ml. of a 20 per cent solution of egg white four 
to five weeks prior to the experiment. In both instances there was a marked 
contraction to the initial dose of toxie fraction A, added while bovine gamma 
globulin was in the perfusion bath, indicating that there had been no pro- 
tection. However, after thorough washing, maximal contraction followed a 
second dose of fraction A, free of bovine gamma globulin. <A third addition 
of fraction A in both experiments resulted in no contraction, demonstrating 
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tachyphylaxis. It is of interest that protection by gamma globulin was dem- 
onstrated with a third segment of ileum from the same guinea pig and with 
five segments from other guinea pigs sensitized to egg white, not included in 
the present data. 

With the exception of bovine beta globulin, no other materials studied 
protect the ileum against the anaphylactoid effects of fraction A (F-10). Serum 
albumin (bovine), fibrinogen (bovine), and alpha (human and bovine) and 
beta (human) globulin all failed to confer protection against the toxie fraction 
A, indicating that the protective effect is more or less limited to gamma 
elobulin. 

In three experiments, bovine beta globulin protected against bacterial 
extract (F-10) in one and showed indeterminate protection in two. No pro- 
tection was demonstrated in two experiments with human beta globulin. 





Fig. 3.—Absence of protection by pooled human gamma globulin (G.G. [H] 9.0 mg. of 
protein nitrogen) against myotonic effect of Staphylococcus aureus (F-10) culture filtrate 
(CF F-10 0.95 mg. protein nitrogen) upon isolated suspended segment of normal guinea pig 
ileum. S and W as in Fig. 1 


Studies of the protective effect of rat serum were carried out on eleven 
segments of ileum from six guinea pigs. In seven there was no protection, 
while four were indeterminate. Absence of protection was found with doses 
of rat serum as high as 0.5 ml., more than twice the amount sufficient for pro- 


tection when sera from the other species were used. 
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Fig. 4.—Absence of protection by pooled human gamma globulin (G.G. [H] 8.0 mg. 
protein nitrogen) against the anaphylactoid effect of cobra venom (CV 0.04 mg. of dried 
venom) upon isolated suspended segment of normal guinea pig ileum. 


Note absence of response to second addition of venom (tachyphylaxis). 





Fig. 5.—Absence of protection by pooled human gamma globulin (G.G. [H] 8.0 mg. 
protein nitrogen) against anaphylaxis in isolated suspended segment of ileum from guinea pig 
previously sensitized to egg white. 

Note initial maximum anaphylactic response to 6.0 mg. of egg white (HW) and lack of 
response (desensitization) to second addition of egg white in presence of gamma globulin. 
Desensitization is complete in the presence of gamma globulin, since there is no response to 
10.0 mg. of egg white after the gamma globulin is removed. 
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Twenty-five per cent solutions of glycerin, egg white, and egg yolk had no 
protective effect. Cobra venom was used in sufficient dosage to cause an ana- 
phylactoid contraction and, following the demonstration of tachyphylaxis to 
venom, the ileum still reacted typically to staphylococeal bacterial extract or 
fraction A (F-10). 

Neither serum nor gamma globulin conferred protection against the myo- 
tonie effects on the guinea pig ileum of staphylococeal culture filtrate (Fig. 
3), cobra venom (Fig. 4), or histamine. 

It was also found that neither serum nor gamma g!obulin had any notice- 
able effeet upon anaphylaxis in the isolated guinea pig ileum from animals 
sensitized to egg white (Fig. 5), streptococeal proteinase, or two protein frae- 
tions derived from a nonpathogenic strain (F-7) of staphylococcus isolated in 
our laboratory and prepared as previously reported. * 


DISCUSSION 


We have found that serum of several animal species protects the isolated 
guinea pig ileum against the anaphylactoid reaction regularly produced by a 
nucleoprotein fraction derived from washed, ground Staphylococcus aureus 
organisms. The protective effect is confined to the gamma globulin fraction. 
It is present in sera from all species thus far tested except the rat. The pro- 
tective substance is stable at 56 degrees for thirty minutes. Its absence in 
rat serum apparently eliminates the properdin system from consideration as a 
factor in this phenomenon.* 

The protection is specifically directed against the anaphylactoid effects 
of fraction A. Serum or gamma globulin has no effect upon other myotonic 
agents similarly studied, sueh as hemolytic staphylococcal culture filtrate, 
cobra venom, or histamine. 

Of particular interest are the two instances of “indeterminate protection” 
(Fig. 2), in which gamma globulin failed to protect the segment of guinea pig 
ileum against the toxie fraction A, but in which, after washing, a second and 
third addition of fraction A without gamma globulin resulted in a typical 
anaphylactoid reaction with tachyphylaxis. If there had been no protection, 
one would have expected the ileum to be refractory to subsequent additions of 
fraction A. This could represent a situation in which only partial protection 
was conferred by the gamma globulin with incomplete tachyphylaxis, and 
therefore subsequent addition of fraction A caused a contraction. Another 
possible explanation is that the ileum was from an animal which had become 
hypersensitive, through natural means, to fraction A or a closely related -pro- 
tein. If this were so, the contraction of the ileum when fraction A was added 
in the presence of gamma globulin would represent an anaphylactic reaction, 
the gamma globulin protecting against the toxie effect of the fraction A, but 
allowing the anaphylactic reaction to occur. Subsequent addition of fraction 
A in the absence of gamma globulin would represent the toxie effect of frae- 
tion A. This explanation correlates with our findings that gamma globulin 
did not protect against anaphylaxis in the isolated ileum. It also fits in with 
the fact that the two segments of ileum that reacted in this way were adjacent 
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segments from the same animal. The third adjacent segment did not so react, 
but we have found, in confirmation of Kempf and Feinberg,’ that if adjacent 
segments of ileum from sensitized animals are tested, some nonreactive seg- 
ments occasionally can be found. The fact that the guinea pig from which 
these two segments of ileum demonstrated this unusual type of “indeter- 
minate” protection had been made hypersensitive to egg white by prior in- 
jections is probably unrelated to the phenomenon, since segments of ileum 
from other guinea pigs, similarly sensitized to egg white, reacted no differently 
from segments from normal animals. 


If these two instances of “indeterminate” protection are due to hyper- 
sensitivity to fraction A, as postulated, it should be possible to induce and 
demonstrate anaphylaxis to this fraction, despite its primary toxicity, by prior 
addition to the bath of gamma globulin, which would protect the ileum seg- 
ment against the toxic effect of fraction A while permitting the anaphylactic 
reaction to occur. Such studies are in progress. 


CONCLUSION 


A heat-stable factor in human, horse, rabbit, bovine, and guinea pig serum 
protects the isolated guinea pig ileum agaist the anaphylactoid effects of a 
toxic nucleoprotein fraction derived from washed, ground Staphylococcus 
aureus organisms. Rat serum was the only serum studied that failed to pro- 
tect. The protective effect is found almost exclusively in the gamma globulin 
fraction, and possibly to some extent in the beta globulin fraction. 

The protective effect is specific, since it is not directed against certain 
other myotonic agents, such as hemolytic staphylococcal culture filtrate, cobra 
venom, or histamine. Neither whole serum nor gamma globulin protects 
against anaphylaxis in the isolated guinea pig ileum. 


It is suggested that gamma globulin, by protecting the ileum against the 
anaphylactoid effect of the nucleoprotein fraction and allowing anaphylaxis 
to occur, may make it possible to demonstrate anaphylaxis in animals rendered 
hypersensitive to this primarily toxic fraction. 
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MEPHENESIN (TOLSEROL) SENSITIVITY WITH DEMONSTRABLE 
SKIN-SENSITIZING ANTIBODY IN THE SERUM 


JOHN A, ARKINS, M.D.,* PHiuuire P. Ruetz, M.D.,** AND 
THEODORE L. Squier, M.D.,*** MiLwavuKEE, WIs. 


TTEMPTS to demonstrate a whealing type of skin reaction or the pres- 
A ence of skin-sensitizing antibodies in the serum of patients who have had 
an allergic reaction to drugs of a simple chemical nature have been unsuccess- 
ful for the most part. Sherman and Cooke! obtained positive passive transfer 
reactions to sulfadiazine and sulfapyridine in sites sensitized with the serum 
of a patient who had experienced a severe reaction to sulfadiazine. Ingestion 
of sulfadiazine resulted in reactions of passively sensitized sites in forty to 
ninety minutes. 

Recently we have seen a patient with a severe immediate reaction to Tol- 
serol (mephenesin) and we have been able, by passive tranfer, to demonstrate 
skin-sensitizing antibodies to this drug. 

Tolserolt?: * (3-ortho-toloxy-1,2-propanediol) is a central nervous system 
depressant used in anxiety states and neuromuscular disorders. It has its 
main site of action on the midbrain, brain stem, at the level of the thalamus, 
and in the spinal cord probably at the internuncial neurons. The drug is 
‘apidly absorbed when given orally and is detoxified by the liver as B (ortho- 
toloxy) laetie acid. It exerts musele-relaxing properties with little effect on 
the blood pressure or respiration. Untoward reactions deseribed include cir- 
eumoral anesthesia, flushing of the face, nausea, vomiting, dizziness, diplopia, 
blurring of vision, pruritus, tinnitus, and horizontal and vertical nystagmus. 
Intravascular hemolysis, hemoglobinuria, and fatal anuria have occurred. 
Red cell casts and protein in the urine following the use of the drug have been 
reported in the literature.? We were unable to find any reports of an acute 
anaphylactoid reaction to mephenesin. 


CASE REPORT 


A 41-year-old white married woman was admitted to Milwaukee County General 
Hospital for the first time on July 24, 1956, following an acute drug reaction. She had 
been seen that morning in the outpatient department because of left-sided neck pain of 
two weeks’ duration. Examination revealed moderate spasm with tenderness of the left 
sternocleidomastoid muscle, as well as an edematous, injected pharynx. Tablets of aspirin- 
phenacetin-caffeine (APC), Tolserol, and tetracycline were prescribed. After she reached 


Received for publication Dec. 31, 1956. 
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home, she took one of each of these medications. Approximately twenty minutes later, 
she experienced diaphoresis and circumoral and upper extremity numbness, with tingling 
and tightness of the chest. She was taken immediately to Johnston Emergency Hospital 
where she received supportive therapy, with a prompt recovery. She then was transferred 
to the medical service at the Milwaukee County General Hospital. 


sal a CRS Soke 


Fig. 1.—Whealing reaction in passively sensitized skin sites (subject A) thirty minutes 
after ingestion of 500 mg. mephenesin (Tolserol). An appreciable reaction occurred through 
a 1:16 serum dilution. 


In 1952 she had had a hysterectomy because of a fibroid tumor of the uterus, Chronic 
cholecystitis with cholelithiasis was also diagnosed at that time. There was no history of 
any previous drug reactions or allergic disorders. 

The physical examination revealed a well-developed, well-nourished, somewhat appre- 
hensive white woman who did not appear acutely ill. Blood pressure was 120/80; pulse, 
80; respirations, 18. The head showed no abnormalities. Minimal spasm and tenderness 
of the left sternocleidomastoid muscle was noted. Examination of the heart, lungs, ab- 


domen, pelvis, rectum, extremities, skin, reflexes, and sensorium showed no abnormalities. 
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TABLE I. PASSIVE TRANSFER REACTIONS OBTAINED WITH SERUM TAKEN ON DAY OF 
SECOND REACTION 








FIRST-DAY SERUM 











DILUTION OF TEST SUBJECTS 

SERUM A B | Cc D 
Undiluted 4+ 34 0 35 

Ved 3+ 2+ 0 0 

1:4 2+ 1+ 0 0 

Eo 1+ 0 0 0 

1:16 1+ 0 0 0 

Control 0 0 0 0 





Chest x-ray was normal, The hemoglobin was 13 grams; white blood count was 11,700, 
with a differential of 13 stabs, 51 segmented polymorphonuclears, 30 lymphocytes, 5 mono- 
cytes, 1 basophil and no eosinophils. A Wassermann test was negative. The urine, blood, 
nonprotein nitrogen, and fasting blood sugar were all normal, Routine cutaneous and 
intracutaneous tests with inhalants and food allergens were negative. 

The resident on the service believed clinical trial by readministration of the drugs 
in question to be justified. Accordingly, one APC tablet was given on the patient’s second 
hospital day, and one capsule of tetracycline was given on the third day without reaction. 
On the fourth hospital day, she was given 250 mg, of Tolserol orally. Within thirty min- 
utes, cireumoral angioedema was apparent and she complained of numbness and tingling 
of the upper extremities and tightness of the chest. At this time, some inspiratory and 
expiratory wheezing was audible. There was a precipitous fall in blood pressure from 
110/70 mm. to 50 mm, systolie pressure and this time her diastolic pressure could not be 
determined. She was given 50 mg. of Benadryl intravenously at once, and intravenous 
administration of one ampule of 1l-Arterenol and 100 mg. of hydrocortisone diluted in one 
liter of 5 per cent glucose in water was started also. Within a few minutes, the angio- 
edema had lessened markedly. One hour later all symptoms had disappeared and only a 
few urticarial lesions remained. A direct cutaneous test with 1 per cent aqueous mephen- 
esin solution was negative. 

Twenty cubic centimeters of blood was drawn at this time and sterile serum was 
prepared, Ring precipitin tests with this serum and a 10 per cent ethyl alcohol solution 
of Tolserol were negative. Additional samples of serum were obtained from the patient 
after intervals of ten and thirty days. Each serum was serially diluted with normal saline. 
Skin sites were prepared on the backs of four nonsensitive persons by intradermal injee- 
tions of 0.1 ml. of undiluted serum and 1:1, 1:4, 1:8, and 1:16 dilutions. Control sites were 
prepared with normal serum from both A and B type bloods. Forty-eight hours later, 
500 mg. of Tolserol was given orally to each of four sensitized subjects. 


TABLE II, PASSIVE TRANSFER REACTIONS OBTAINED WITH SERA TAKEN AFTER RECOVERY 






































~'TEN-DAY SERUM — THIRTY-DAY SERUM 

DILUTION oF | TEST SUBJECTS TEST SUBJECTS 
SERUM A | E F | G 
Undiluted + 0 + 0 
131 0 0 0 0 
Control 0 (0) () 0 





A marked whealing reaction occurred within ninety minutes after ingestion of the 
drug in sites sensitized with undiluted serum in three of the four test subjects. In two 
subjects the reaction was apparent within thirty minutes. In one subject (A), an appre- 
ciable reaction occurred in sites sensitized with serum through a 1:16 dilution (Fig. 1); 
another subject (B) showed reactions through a 1:4 dilution; another (D) had a detect- 
able reaction only in the undiluted serum site. One subject, a large, obese man (C), had 
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no detectable reaction in any site. Serum obtained ten days after the initial drug reaction 
was used to sensitize sites in two subjects, one of whom (A) had shown reactions after 
ingestion of Tolserol in the first experiment. A positive reaction was again obtained in 
subject A in the undiluted serum site; no reaction was detected in the other subject (EF). 
One of two additional subjects sensitized with undiluted serum obtained thirty days after 
the initial drug reaction reacted in the site sensitized with undiluted serum after ingestion 
of the test dose of Tolserol (Table IT). 


SUMMARY 


Skin sites were sensitized in normal recipients with serum obtained from 
a patient immediately after an allergic reaction to ingested Tolserol. Positive 
reactions occurred within thirty to ninety minutes in the sensitized skin sites 
of three of the four subjects tested by ingestion of a challenging dose of 509 
mg. of Tolserol. Some skin-sensitizing activity could still be demonstrated in 
serum withdrawn thirty days after the patient’s reaction to Tolserol. 
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THE RISK OF INDUCING CONSTITUTIONAL REACTIONS IN 
ALLERGIC PATIENTS 


PauL P. VANARSDEL, JR., M.D.* anp Wiuuiam B. SHERMAN, M.D., 
New York, N. Y. 


DEQUATE management of the allergic person involves the use of pro- 
A cedures which occasionally produce undesirable systemic reactions. Forty 
years ago Cooke and Vander Veer’ reported the incidence of reactions to hypo- 
sensitization injections to be about 3.5 per cent; more recent surveys have 
shown this incidence to be somewhat lower, and have indicated precautions 
which should be taken to keep the number of reactions at a minimum.?* 

On the other hand, we have little information concerning the frequency 
of untoward effects from skin testing. In one of Cooke’s® earlier studies, about 
2.5 per cent of patients given intradermal tests had immediate constitutional 
reactions. In Peshkin and Fineman’s’ study of 100 children, reported twenty 
years ago, 2 per cent had general reactions following intradermal testing; 
none had trouble following seratech tests. Since then, the only published in- 
formation was that reported by Courtright" in 1948, in which three of 300 pa- 
tients developed systemic reactions, none fatal, following intradermal testing. 
In this group, scratch testing was usually done first. 

Much more emphasis has been placed on the isolated, very severe, or fatal 
reactions from intradermal testing. In 1949, Blanton and Sutphin’ reported 
one death which followed multiple intracutaneous tests, and cited the ten 
previous fatalities reported from 1922 to 1946. <A year later, Harris and 
Shure! reported a death from intradermal testing to cottonseed, and cited 
two other deaths from the same cause. <A brief perusal of the literature re- 
veals casual mention of other deaths from intradermal skin testing ;'* ™ pre- 
sumably a small number of fatalities have never been recorded. No doeu- 
mented reports on deaths from scratch testing have appeared, although two 
deaths are mentioned briefly by Vaughan and Black." 

A study of the reported fatalities, plus several of the severe near-fatal 
reactions from skin testing which have been reported,'**? indicates that the 
reactions usually occurred when the substances were given in amounts which 
would never be used in present-day intradermal testing. For example, fa- 
talities occurred from the use of 0.1 ¢.c. of undiluted egg white,”* a 1:500 solu- 
tion of buekwheat,24 and 0.05 ¢.c¢. of undiluted horse serum.?° Other fatalities 
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or severe reactions have followed the use of unfamiliar substances, such 
as guinea pig hemoglobin?® and asthma powders,'® or substances of high sensi- 
tizing potential, such as castor bean,?” buckwheat,’® 17 mustard,’* and cotton- 
seed.’ 2° It should be noted that some of these severe reactions occurred from 
seratch testing alone. 

Two of the four fatal reactions which have been reported during the last 
decade occurred after the administration of more than fifty intradermal tests, 
in spite of the prior use of scratch tests.'* °° 

In order to evaluate the incidence of constitutional reactions from treat- 
ment in recent years, and to obtain an accurate impression of the relative im- 
portance of reactions from intradermal skin testing in a large series, we felt 
it worth while to review the records of 8,706 patients with allergic symptoms 
seen from 1935 to 1955 in the Allergy Clinic of Roosevelt Hospital. 


CLINICAL MATERIAL 


A majority of the patients studied had either asthma or hay fever. Those 
with atopic dermatitis, urticaria, or eye symptoms were also included if sig- 
nificant skin sensitivity existed. Patients with contact dermatitis, emphy- 
sema, respiratory infections, and other nonallergie or questionably allergic 
states were not included. Almost all the patients in this series received hypo- 
sensitization treatments; those who received no injections at this clinie were 
not included unless a constitutional reaction had occurred on skin testing. 

Table I presents the diagnoses in this group of patients. These patients 
received a total of approximately 1,250,000 treatment injections over the 
twenty-one-year period under consideration. 


TABLE I. PATIENTS SEEN AT ROOSEVELT Hospita INSTITUTE OF ALLERGY, 1935-1955 











DIAGNOSIS | SENSITIVITY 

Asthma (alone) Pollen (usually ragweed) 4,215 48.4% 
Pollen 76 
Dust (usually with other 1,587 

inhalants ) Dust 2,699 31.0% 
Other 386 

Negative tests 425 Other skin sensitivity 946 10.9% 

Total 2,474 Negative tests 846 9.7% 


Hay fever (pollen-sensitive) 3,476 
Pollen season, negative 


tests 38 
Total 3,514 
Asthma and Hay fever 663 
(pollen-sensitive ) 
Rhinitis 
Dust-sensitive 956 
Nonseasonal, positive tests 277 
Negative tests 356 
Total 1,589 
Asthma and Rhinitis 
Positive skin tests 156 
Negative tests 27 
Total 182 
Atopic dermatitis, urticaria, 283 


or eye symptoms without 
respiratory symptoms 


Grand Total 8,706 
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TABLE II. STRENGTH OF MATERIALS ROUTINELY USED FOR INTRADERMAL TESTING AT 
ROOSEVELT HOSPITAL 














SUBSTANCE | SOLUTION | SUBSTANCE | SOLUTION 

Dust Concentrated Gums 1% 

Pollens 100 P.N.U./e.c. each Most foods 1,000 P.N.U./c.e. each 
Molds 1,000 P.N.U./e.e. each Milk 10,000 P.N.U./c.c. 
Feathers 1,000 P.N.U./e.c. Egg and peanut 100 P.N.U./c.c. each 
Kapok 100 P.N.U./c.e. Mustard 10 P.N.U./c.e. 
Epidermals 100 P.N.U./e.ec. each Cottonseed 10 P.N.U./c.e. 
Pyrethrum 1,000 P.N.U./c.e. 





Intradermal skin testing was performed by physicians familiar with the 
patient’s history, in a location on the arm permitting effective use of a tourni- 
quet. Testing to a group of six substances was ordinarily followed by five to 
ten minutes of observation before further testing was performed. The con- 
centration of material used depended on its sensitizing potential. If the elini- 
eal history indicated marked sensitivity, more dilute solutions were ordinarily 
used for testing in the case of pollens, and skin testing was usually avoided in 
the case of such foods as shellfish and nuts. Certain substances were tested 
with solutions more dilute than those usually employed; these were cottonseed, 
egg, mustard, and peanut (Table Il). Furthermore, testing was arranged so 
that each group of six tests contained substances as different as possible from 


TABLE III. CRITERIA USED FOR GRADING CONSTITUTIONAL REACTIONS 








1. Slight and Questionable (Grade I) 


(a) Mild symptoms of ‘‘hay fever,’’ especially during pollen season, or moderate 
hay fever symptoms starting more than four hours after injection 

(b) Tingling or itching in palms without other symptoms, subsiding without treat- 
ment 

(ec) Transient, delayed urticaria; no treatment 


2. Mild (Grade IT) 
(a) Urticaria alone, treated or untreated 
(b) ‘‘Hay fever,’’ treated or untreated 
(ec) Both (a) and (b), not severe 
(d) Coughing or choking alone, or with (a) and (b), untreated 
(e) Flush and redness of face, alone 
(f) Undescribed ‘‘constitutional’’ requiring no treatment 


3. Moderate (Grade IIT) 
(a) Immediate marked hay fever with flush, coughing, and/or urticaria necessi- 
tating treatment 
(b) Abdominal cramps alone or with (a) 
(ec) Some shortness of breath and/or wheezing 
(d) Undeseribed ‘‘constitutional’’ requiring routine treatment, such as epineph- 
rine or antihistamine, tourniquet 


4. Moderately Severe (Grade IV) 
(a) Aeute combination of symptoms (hay fever, urticaria, itching, flush) getting 
rapidly worse, stopped by treatment 
(b) Abdominal or uterine cramps, alone, when incapacitating to patient 
(ce) Active asthma, with or without slight cyanosis 
(d) Undeseribed ‘‘constitutional’’ (rare) in which repeat epinephrine treatment 
was necessary 


do. Severe (Grade V) 

(a) Any of above symptoms with cyanosis and/or shock 

(b) Above symptoms, necessitating more prolonged treatment, including oxygen, 
hospitalization 
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other groups, in order to reduce the possibility of multiple marked reactions, 
Seratch testing was used only for occasional preliminary evaluation of sub- 
stances of unknown sensitizing ability. 





TABLE LV. 





SEVERITY AND CAUSE OF REACTIONS FROM TREATMENT 








GRADE 














SUBSTANCE II III V TOTAL 
Ragweed 67 uA 206 59 10 513 
Ragweed and other 5 54 41 24 2 126 
Grass 1 12 7 i 0 21 
Grass and other 0 3 i 2 0 6 
Trees 0 i 1 0 0 2 
Plantain 0 1 it 0 0 2 
Total pollen 670* 
Stock dust 1 2 + 0 0 7 
Autogenous dust 0 0 i 0 0 1 
Autogenous vaccine 0 0 2 0 0 2 . 
Molds al 0 2 2 0 5 
Cottonseed 0 1 2 2 2 7 
eat 
Mise feathers e.! 3 2 » _0 _s 
are a 76 248 270 90 14 28 
dog 670 
Grand Total 698* 





*Several patients had reactions from different substances at different times; this figure 
includes these duplications. 
RESULTS 
A total of 1,774 constitutional reactions occurred from the estimated 
1,250,000 treatment injections; about one in 700. However, these reactions 
occurred in only 663 patients; in these persons, then, the incidence was 1.9 
per cent, or one in fifty-four injections. Of these, 635 were pollen sensitive. 


TABLE V. PREDOMINANT SYMPTOMS OR SIGNS IN 1,774 CONSTITUTIONAL REACTIONS 
FroM TREATMENT 











FREQUENCY NUMBER OF 
SYMPTOMS (PER CENT) OTHERS CASES 

Hay fever-like 18.3 Headache 12 
Asthma, wheezing, or tightness 16.2 Apprehension and tachy- 8 

in chest cardia 
Urticaria and/or angioneurotic 14.5 Shock (not syncope) 6 

edema 
Itching of extremities 9.3 Diarrhea 3 
Choking and/or coughing 9.3 Uterine cramps 3 
Combinations 7.3 Dizziness 2 
Flush only 2.6 Fullness in ears 2 
Abdominal cramps 1.1 Cyanosis 1 
Headache ale Chills 1 
Other (see next column) 22 38 — 2.2% 
No description 18.1 


Minor or Associated Symptoms Not Noted Above: 


Numbness in mouth Weakness 

Cold sweat Blurred vision 
Trembling ‘Tingling? ? 
Premature menstrual period ‘*Bad feeling ’’ 


Fullness in head Transient chest pain 
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Accordingly, 15 per cent of the total group of pollen-sensitive patients had 
one or more constitutional reactions. Among the remaining 4,491 patients, 
only twenty-eight suffered any generalized reactions; an incidence of 0.6 per 
cent. Those with negative skin tests who were included in this study were 
eiven stock or autogenous bacterial vaccines; they are included in the above 


ton] 


> 


gures. 
The constitutional reactions were gauged as to severity according to the 
criteria outlined in Table III. These data are presented in Table IV, in terms 


TABLE VI. POSSIBLE CAUSES OF CONSTITUTIONAL REACTIONS TO TREATMENT 








POSSIBLE CAUSE | NUMBER OF CASES 
A. Failure to reduce treatment dose adequately during pollen season ; aie 
. Dose maintained 97 
Dose actually increased 84 
Dose decreased to 75-90% 16 
Dose decreased to 50-74% 6 
. Dose decreased to < 50% 0 
Total 203 





Ore De 


B. Limit of patient’s tolerance 
PN.US P.N.U. PAO. 
5—1 1,000—20 15,000—1 
100—23 2,500—32 20,000—1 
500—60 5,000—15 
Total 153 





C. Too Great an Increase in Dosage 
Increase 
200%— 1 
85—100%—70 
51— 85%—17 
Total 88 


D, 


— 


Cumulative Effect of Maintenance Doses 
1. Large doses (> 4,000 P.N.U.) 
given at 2- or 3-week intervals 18 
2. Maintenance doses continued 
unreduced after end of season 41 


Total 59 


K. Interval between maintenance injections 

longer than 4 weeks 33 
I. Failure to reduce dose sufficiently when 

changing to new extract 


1. Dose not reduced 5) 

2. Dose reduced to 50-75% 7 

3. Dose reduced to 40-49% 2 

4. Dose reduced to < 40% 0 
Total 14 
+. Performance of skin tests along with treatment at low doses 7 
H. High concentration by error, at clinic 6 
I. Apparent intolerance following one constitutional reaction 5) 
J. Addition of new antigen to injection regimen 5 
K. Possible intravenous injection of extract 4 

L. High concentration by error, doses furnished by clinic 
but given elsewhere 3 
M. Wrong pollen by error 1 
581 
N. Unexplained 1,193 
Total 1,774 








*Protein nitrogen units. 
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of the number of patients involved rather than the total number of constitu- 
tional reactions observed. Each patient is classified according to the most 
severe reaction which he had suffered at any time. 

The predominating symptoms observed in the 1,774 constitutional reac- 
tions showed the distribution outlined in Table V. When clear-cut combina- 
tions of symptoms oceurred (such as asthma-urticaria, hay fever with cough- 
ing and choking, or asthma and abdominal cramps), they were tabulated sep- 
arately. Unfortunately, in a large number of cases, adequate description of 
the symptoms of the particular reaction was lacking. 


TABLE VII. NUMBER OF REACTIONS FROM TREATMENT PER PATIENT 











REACTIONS | NO. OF CASES 

1 312 

2- 4 255 

5- 9 76 
10-15 16 
a7 2 

20 i 

21 1 

663 





The possible or probable cause of these reactions was investigated from 
the information recorded in the case records. Although these data were far 
from adequate, certain patterns were apparent and are presented in Table VI. 
The number of cases in which reactions were only coincidentally related to the 
proposed cause would be impossible to estimate. Because of the nature of the 
sensitivity distribution of the 663 patients who had systemic reactions, most 
of our material represented reactions to treatment with pollen extracts. Some 
of these patients had multiple reactions in spite of the usual precautions 
(Table VII). 


TABLE VIII. SEVERITY OF REACTIONS TO INTRADERMAL TESTING 

















| GRADE | 
TEST SUBSTANCE | I | II | lI | IV | TOTAL 

Ragweed 8 8 7 1 24 
Ragweed and grass 2 2 4 
Trees 1 3 4 
Plantain ] a 
Mugwort 1 1 
Marsh elder \ 

Grass ) 1 1 
Plantain, birch j 

Cosmos and dahlia ] a 
Several inhalants I 1 2 
Tomato and pork 1 1 
Unknown food 1 1 
Cottonseed 1 1 2 


Total “42 





Only a few reactions were noted from intradermal skin testing alone, and 
these are indicated in Table VIII. Criteria used to grade the reactions were 
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those outlined in Table III. Except for cottonseed, routine testing to sub- 
stances of high sensitizing potential was associated with no difficulty, al- 
though significantly positive skin tests to these materials occurred on many 
oceasions (Table LX). 


TABLE [X. NUMBER OF PATIENTS WITH +++ OR ++++ SKIN REACTIONS ON ROUTINE TESTING 
WITH HIGHLY SENSITIZING SUBSTANCES* 























SUBSTANCE | NO. OF PATIENTS SUBSTANCE | NO. OF PATIENTS 
~~ Shellfish 248 Fish 47 
Egg 106 Flaxseed 20 
Cottonseed 96 Mustard 19 
Walnut 59 Castor heant 
(1 PN. /eie-) 7 
Peanut 54 








*Buckwheat is not used routinely. 
+No longer used for routine testing. 
Thirty-six persons had constitutional reactions from testing with pollen 
extracts. This is 0.85 per cent of the total pollen-sensitive group. In the re- 
maining 3,645 patients with positive skin tests to other substances, only six 
reactions occurred (an incidence of 0.16 per cent). If the 2 per cent inei- 
dence of reactions from cottonseed is deleted from this latter group, the oe- 
currence of reactions approaches one in 900. It is significant that no alarming 
reactions ever occurred ; only two of Grade IV severity were noted. 


TABLE X. CAUSES OF CONSTITUTIONAL REACTIONS FROM INTRADERMAL TESTING 


: 1. Tests performed with greater than : 
recommended concentrations* 25 











2. Simultaneous testing with two or more 
pollens, all giving strong skin reactions 


ba | 


Not ineluded in (1) 3 
3. Multiple testing with many marked reactions 1 
4. Testing performed at same time as 
treatment injections 10 
Not included in (1) or (2) 6 


5. History of extreme sensitivity to ragweed 
with previous constitutional reactions; 
routine concentration used 1 
36 





oo <ceumeiattekion of three cuntendtedions Coually 10, 168 ame Laae MNLaEMeT 
of pollen extract simultaneously. 

Analysis of the circumstances which led to the reactions from testing was 
much more fruitful than in the study of the treatment group. Thirty-six of 
the forty-two reactions occurred when standard precautions were not used 
(Table X). One additional reaction was due to the rarely used pollen ex- 
tracts, cosmos and dahlia, which were not standardized by chemical analysis. 
Of the remaining five reactions, two were Grade I, two were Grade II, and 
one was Grade IV in severity. The last one followed simultaneous testing to 
nine foods, the only reactions being +++ to tomato and pork. 
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DISCUSSION 
When pollinosis is treated aggressively by injection of allergen extracts, 
systemic reactions are unavoidable. Although only about 2 per cent of our 
injections were accompanied by reactions, one patient in seven experienced at 
least one generalized reaction, and some patients had repeated reactions but 
continued to return for what was considered to be effective treatment. Only 
one third of the reactions appeared to be preventable, even though many re- 
actions which occurred under debatable circumstances were included in the 
“avoidable” group. 

Determining the causes of constitutional reactions which occurred during 
the pollen season was particularly difficult. Many variables came into play 
at this time, not the least of which was the uncontrollable use of symptomatic 
medication. 

The data in Table VI support in general the precautions previously 
cited,?* although certain of the commonly recognized errors were noted only 
rarely in this series. One phenomenon which occurred rather frequently has 
not been stressed previously. This involved the appearance of reactions after 
the end of a pollen season, when maintenance doses were being continued for 
perennial treatment. This type of reaction was particularly remarkable in 
those patients who had no reactions to injections maintained at a high level 
during the pollen season; it also occurred in some persons for whom the dose 
had been reduced significantly at the onset of the season. Accordingly, it ap- 
peared worth while, when committing a patient to year-round treatment, to 
administer postseasonal injections cautiously, at relatively low doses. 

Cottonseed caused particular trouble in the treatment group. Most of 
the low-tolerance cases cited in item B, Table VI, were associated with cotton- 
seed administration. Desensitization to this substance was, of course, rarely 
successful, and was abandoned in most eases in this clinie several years ago. 

It was difficult to evaluate limits of tolerance. A certain group of pa- 
tients invariably suffered a systemic reaction when a particular dosage level 
had been reached. In other cases, the physician had assumed that the limit 
of tolerance was reached when one isolated reaction occurred; accordingly, 
that dose was never attained again. This type of precaution was apparently 
unnecessary, since most patients who had their first constitutional reaction at 
a certain dosage level were able, after a moderate reduction in amount, to 
tolerate much higher doses when increase was again attempted. The data in 
Table VI therefore include only those patients in whom two or more attempts 
at raising dosage above a certain “threshold” resulted in systemic reactions. 

Reduction of dosage at certain stages seemed well worth while. In our 
experience, reactions could be avoided by diminishing dosage to less than 40 
per cent when changing from an old to a fresh extract. Similarly, cutting 
dosage in half during the appropriate pollen season probably prevented some 
reactions, 
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In comparison to the treatment reactions, reactions to intradermal testing 
were relatively unimportant, both in frequency and in severity. The precau- 
tions taken in this clinie apparently were effective, since thirty-seven of the 
forty-two reactions which we recorded occurred when the recommended pre- 
cautions were disregarded or had not been instituted. 

Under adequate supervision, the danger of direct intracutaneous testing 
appeared to be very much less than the risks routinely taken in injection 
therapy of the same patients, and should be considered in such perspective 
(Fig. 1). Of course, this would remain true only as long as proper precautions 
were carefully observed. We would certainly agree that, if direct supervision 
of skin testing by an experienced person is not possible, the prior performance 
of scratch testing is the most efficient precaution now available. However, 


Constitutional Reactions: Pollen-Sensitive Patients 


From treatment 
a From testing 





% Of Total Pollen-Sensitive Patients 








4 
| 


Il Iv aa 
Grade 


Fig. 1.—Incidence of constitutional reactions in pollen-sensitive patients. Comparison between 
testing and treatment reactions. 


this procedure may lead to a false sense of security, as exemplified by the 
above-mentioned two recent fatal cases!” ?° and by the recently reported near- 
fatal reaction from castor bean testing.?* 

It is apparent that the occurrence of constitutional reactions is inevitable 
when treatment dosages of allergenic extracts are steadily increased until 
clinical improvement is marked or until the patient’s level of tolerance is ex- 
ceeded, On the other hand, reactions to intradermal skin testing should be 
exceedingly rare, if the tests are selected carefully by reference to the pa- 
tient’s clinical history and if one avoids indiscriminate routine testing to an 
unnecessarily large number of substances. 
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VAN ARSDEL AND SHERMAN 


SUMMARY 





Case records of 8,706 allergic patients seen at Roosevelt Hospital Institute 
of Allergy were reviewed, and the type and frequency of constitutional reac- 
tions were noted. 

A great majority of reactions occurred from the use of pollen extracts, 
both in testing and in treatment. There were 1,774 reactions from treatment; 
these occurred in 663 patients. A possible precipitating cause could be te 
tected in only about one-third. 

Skin testing was performed intradermally without prior use of serateh 
tests in all cases. The reactions from testing were infrequent and mild, com- 
pared to the reactions from treatment, and occurred in only forty-two pa- 
tients. Thirty-seven of these reactions could have been avoided, had the usual 
precautions been followed. 

No fatalities occurred in this group of patients following either treatment 
or testing injections. 
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ALLERGY (ASTHMA) TO MONKEY PROTEIN IN POLIOMYELITIS 
VACCINE 
SEYMOUR B. CrepEA, M.D., Mapison, Wis. 


. reactions to heterologous animal proteins commonly occur 
when these proteins are injected into human beings. In many instances 
the antigen is the major or active agent, as when antitoxins are used in passive 
immunity. Less frequently, the animal protein is a contaminating element 
in a vaccine and has nothing to do with the major funetion of the vaccine. 
Thus, in the case of vaccines made from egg-grown viruses, serious allergic 
reaction may occur as a result of minor quantities of residual egg albumin. 

Presently the Salk poliomyelitis vaccine is being used on a very large 
seale. This vaccine is prepared by growing the virus in monkey kidney cells 
grown in an artificial nutrient substrate. Virus removed from cultures ear- 
ries with it small amounts of monkey tissue protein, together with whatever 
protein was used as part of the nutrient substrate.* In the brief span of the 
clinical use of this vaccine, no reaction to this monkey protein factor has 
been reported; therefore, this rather unusual instance is deseribed. 


CASE REPORT 


C. D., a 9-year-old boy whose parents were Rh positive and whose father had asthma, 
was receiving care in the allergy clinic for an inhalant form of allergic rhinitis and 
asthma. His allergy background dated to the age of 4, when his parents noted that severe 
conjunctivitis, rhinitis, and asthma occurred in various animal houses at the zoo, Es- 
pecially marked was the reaction noted in the monkey house. Because of this reaction, 
zoo contacts were limited. Pollen asthma subsequently developed, and for this he was 
brought to the clinie in October, 1954. In November, 1955, he was given 1 c¢.c. of polio- 
myelitis vaccine by his family physician, That night asthma of moderate severity de- 
veloped, along with a stuffy nose. The arm was not swollen. The asthma lasted one day 
and subsided. One month later a second dose of 1 ¢.c. of vaccine was administered. 
Asthma and rhinitis developed in a few hours, and this time they lasted for three days. 
Again local reaction was minimal. On several occasions before and since these reactions 
to Salk vaccine oral penicillin, 1,000,000 units per day for periods as long as seven days, 
was given with no untoward response. 

The boy was scratch tested with a 1:10 dilution of poliomyelitis vaccine and gave 
an immediate wheal and flare reaction. A control test on a normal subject was negative. 
An intradermal test with Macaca rhesus serum diluted 1:5,000 gave a marked immediate 
reaction, whereas similar testing with horse serum 1:100 produced but a slight reaction. 


DISCUSSION 


Allergic reactions to antigenic materials which are not pharmacologically 
essential constituents of a drug have been reported previously.1. Essentially, 
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such items are present in only small amounts; however, in highly allergic 
persons, even then serious reactions can occur. Requirements for commercial 
vaceine are such that antigenic sera added to a virus-monkey cell mixture as 
part of the nutrient substrate shall not exceed 1:1,000,000 in the final prod- 
uct.2 This material (not necessarily monkey serum), plus monkey eell ma- 
terial carried over into the vaccine, constitutes the antigen presumably in- 
volved in the present report. 

Our review would suggest that here we had an allergic child who devel- 
oped a high degree of allergy to the monkey, presumably as a result of zoo 
exposures. Iive years later the injection of poliomyelitis vaccine containing 
small amounts of monkey protein caused an allergie response. 


SUMMARY 


A rather unusual case of allergy (asthma), presumably eaused by minute 
amounts of monkey protein contained in Salk vaccine, is presented. This 
situation will probably be seen only rarely, but the possibility of similar re- 
actions, particularly with repeated injections of the vaccine, must be borne 
in mind. 

REFERENCES 
1. Plotz, H., Coulson, E. J., Stevens, H., and Stull, A.: J. Immunol, 58: 315, 1946. 
2. Public Health Service Technical Report on Salk Poliomyelitis Vaccine, U. S. Department 


of Health, Education and Welfare, June, 1955, p. 30. 
3. Ibid.: Appendix E. 











STUDIES IN PENICILLIN HYPERSENSITIVITY 
IV. ANTIGENIC PROPERTIES OF ALTERED PROCAINE PENICILLIN 


BERNARD B. SIEGEL, M.D., BROOKLYN, N. Y., AND MoNROE COLEMAN, M.D., 
STAMFORD, CONN. 


EAGINS to penicillin have been found in the sera of many patients fol- 

lowing allergic shock reactions produced by this antibiotic. We' found 
reagins in eleven successive cases of severe immediate allergic shock reactions 
resulting from penicillin administration. There are, however, occasional 
reports of failure to find antibodies to penicillin in similar cases. It is the 
purpose of this article to present experimental findings which may account 
for such negative reports. 

This study began with the investigation of Patient M. F., a 60-year-old housewife, 
who on April 18, 1954, experienced an almost fatal allergic shock reaction following an 
intramuscular injection of 300,000 units of procaine penicillin G (Pfizer), which had been 
given for a sore throat. Within a few minutes, the patient developed severe generalized 
pruritus, dyspnea, asthmatic breathing, and loss of consciousness, Epinephrine was ad- 
ministered and the patient was hospitalized. After several hours, she began to improve. 
She eventually recovered with no untoward sequelae. 

This patient, who gave a negative family history for atopic illnesses, had developed 
bronchial asthma at the age of 45, The attacks were severe, requiring injections of 
epinephrine for relief of symptoms, Skin tests revealed only a positive reaction to wool. 
The asthma improved when the patient stayed in a warm climate. At the age of 50, she 
underwent a tonsillectomy and adenoidectomy. Subsequently, the asthmatic attacks 
gradually subsided and eventually disappeared. 

Since 1947, M. F. had received many injections of penicillin without untoward re- 
actions. The last of these had been given approximately four months before the allergic 
shock reaction. 

Direct intracutaneous tests with penicillin were not performed on this 
patient. It has been our’ * * experience and that of others that patients who 
have recently had anaphylactic reactions to penicillin are prone to develop 
similar reactions following skin tests with this antibiotic. We have con- 
sistently demonstrated circulating reagins to penicillin in these eases, al- 
though at times the reagins have been found to be transient, disappearing 
from the circulation within several months after the last clinical reaction.’ 
In such highly sensitive patients, with reaginice sensitivity to penicillin, a 
safe dilution for direct skin testing has not been established. Moreover, the 
presence of a positive skin reaction, when elicited by direct test, does not in 
itself establish the presence or absence of circulating reagins. Thus, it has 
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been our practice to employ the passive transfer technique, not only because 
it is a nonhazardous procedure, but also because it permits the detection of 
reagins (circulating antibodies) to penicillin in these patients. 

In preliminary passive transfer studies made with the patient’s serum, 
tests with crystalline penicillin G in concentrations up to 50,000 units per 
milliliter yielded negative results. This was surprising in view of the fact 
that in all the sera of our previous cases, positive passive transfer reactions 
were demonstrated with this form of penicillin, often in higher dilutions than 
50,000 units per milliliter. In the light of this apparent discrepancy, further 
studies seemed indicated in the search for the agent which was responsible 
for the shock reaction in this patient. 


MATERIALS AND METHODS 


Sera for passive transfer studies were obtained from bleedings taken six 
days and one month after the allergic shock reaction. According to the teeh- 
nique of Walzer* and Bowman, sites on the arms of normal recipients were 
prepared by the intracutaneous injection of 0.05 ml. of serum. After a four- 
day interval, the sensitized sites and adjacent untreated cutaneous areas were 
tested with approximately 0.01 ml. of various types of penicillin solutions or 
other materials. After fifteen minutes, the reactions on the test and control 
sites were read and compared. They were graded from negative to four plus, 
according to the size of the wheal. The two samples of serum showed similar 
responses to the test materials and all results were therefore combined. 

The thick consistency and irritating properties of procaine penicillin 
suspension rendered it unsuitable for intracutaneous testing. This was also 
true of the undiluted supernate obtained by centrifuging the procaine peni- 
eillin suspension. A more satisfactory preparation for skin testing was ob- 
tained by diluting the supernate with nine parts of physiologic saline. Al- 
though the irritative properties of the test allergen were considerably reduced 
by this dilution, nonspecific plus-minus to one-plus reactions were still ocea- 
sionally obtained on the control sites with the test material. 


I, PRELIMINARY STUDIES WITH VARIOUS PENICILLIN PREPARATIONS 

The initial passive transfer studies with seruin M. FF. in which sites were 
tested with aqueous potassium penicillin G, in concentrations up to 50,000 
units per milliliter, produced consistently negative results. 

-assive transfer sites were prepared with serum M. F. on four normal 
subjects and were tested with the following substances: (1) potassium peni- 
cillin G; (2) various brands and lots of procaine penicillin G suspension 
(Pfizer, Lilly, Sharpe & Dohme, and Commercial Solvents Corporation 
(C.S.C.); (3) the diluent of procaine penicillin G (Pfizer); and (4) a 1 per 
cent procaine hydrochloride solution. 

The results of the tests with the procaine penicillin G suspensions varied 
(Table I). Four of these suspensions gave positive passive transfer reactions 
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(Pfizer #JKL 538098 and Sharpe & Dohme #L 7972, #L 7920, and #1123 M). 
Three gave negative reactions (Pfizer #42083, Lilly, and C.S.C. #BAE 113). 
Potassium penicillin G, the diluent of procaine penicillin G, and the 1 per 
cent procaine hydrochloride consistently gave negative reactions (Table I). 














TABLE I. PASSIVE TRANSFER REACTIONS ON SERUM M. F. SITES TO VARIOUS PENICILLIN 



















































PREPARATIONS 
SUBJECTA | SUBJECTB | SUBJECT C SUBJECT D 
SUBSTANCE TESTED TEST |CONTROL| TEST |CONTROL| TEST |CONTROL| TEST |CONTROL 
Potassium penicillin G 
solution—Squibb (50,000 
units/ml.) 0 0 0 0 pu re: 0 0 
Procaine penicillin G sus- 
pension—Pfizer #42083 0 0 0 0 
Procaine penicillin G sus- 
pension—Sharpe & 
Dohme #L 7972 se + oe 0 ++ 0 - 0 
#L 7920 +++ a 
#1123 M + 0 
Procaine penicillin G sus- 
pension—Pfizer 
4 #JKL 538098 ae + oo 0 bak a. ee 0 
Proecaine penicillin G_ sus- 
pension—Lilly Duracillin 0 0 
Procaine penicillin G sus- 
pension—Commercial 
Solvents Corporation 
#BAE 113 + + 
1% Proecaine hydrochloride 0 0 0 0 
Diluent of procaine peni- 
cillin G—Pfizer 0 0 0 0 0 0 + t 








Testing preparations of procaine penicillin suspensions were made by centrifugation 
of the suspension and dilution of the supernate with nine parts of isotonic saline. 


II. EFFECTS OF AGING AND HEAT ON ANTIGENICITY OF PROCAINE PENICILLIN G 


In the search for an explanation for the inconsistent results obtained 
with the various procaine penicillin preparations, the effects of aging under 
various conditions were investigated. A suspension of procaine penicillin G 
(Pfizer #43870) and a supernate obtained from that specimen were incubated 
for ten days at 56° C. <A portion of another lot of procaine penicillin G 
(Pfizer #42083) was treated in a similar manner and another portion was 
placed in a physician’s bag which was earried on daily calls and rounds for 
one month. A solution of 1 per cent procaine hydrochloride solution and 
another of potassium penicillin G containing 300,000 units per milliliter were 
also incubated with the above specimens. Passive transfer tests were then 
made with the original preparations and with the treated samples of these 
same preparations. 

The two untreated procaine penicillin suspensions produeed negative 
reactions. These same preparations, after incubation at 56° C. for ten days, 
elicited three-plus (+44) to four-plus (+444) positive passive transfer re- 
actions (Table IT). 

As a result of incubation, the suspensions changed in color from white 
to amber, with a reduction in the amount of suspended material. The in- 
cubated solutions became more irritating to the skin. Control tests on normal 








ergy 
1957 








oon 28 STUDIES IN PENICILLIN HYPERSENSITIVITY. IV. 2967 
Number 3 
skin with these solutions originally produced negative reactions; after ineuba- 
tion, these solutions gave plus-minus (+) or one-plus (+) positive reactions. 
The incubated supernate of suspension Pfizer #43870 produced a one-plus 
(+) passive transfer reaction and a plus-minus (+) reaction at the control site. 
This weak reaction with incubated supernate suggested that the change in the 
antigenicity of procaine penicillin suspension was not due primarily to an 
alteration in the small amount of dissolved proeaine penicillin in the super- 
nate. It seemed likely that the altered antigen found in solution in the super- 
nate following incubation of the whole suspension was derived largely from 
the procaine penicillin crystals. 


TABLE II. PASSIVE TRANSFER REACTIONS ON SERUM M. F. SITES TO PENICILLIN ALTERED BY 
AGING AND HEAT 
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STORAGE IN DOC- 





~ 














INCUBATION AT | TOR’S BAG FOR ONE 
FRESH 56° C. FOR 10 DAYS MONTH 
SUBSTANCE TESTED TEST |CONTROL| TEST | CONTROL| TEST | CONTROL 
Procaine penicillin G suspension— 
Pfizer #42083 0 0 +++ ~ ++ + 
Procaine penicillin G suspension— 
Pfizer #43870 0 0 ++++ ~ 
Procaine penicillin G supernate 
Pfizer* #43870 0 0 + Bs 
1% Procaine hydrochloride 0 0 0 0 
Potassium penicillin G (300,000 
units/ml. ) 0 0 0 0 





Testing preparations of procaine penicillin suspensions were made by centrifugation 
of the suspension and dilution of the supernate with nine parts of isotonic saline. 

Each suspension of procaine pencillin contained 300,000 units per milliliter. 

*The supernate of procaine penicillin suspension (Pfizer) is said to contain approximately 
1.5 mg., or approximately 2500 units per milliliter of procaine penicillin dissolved in the 
diluent. 


The suspension of procaine penicillin G (Pfizer #42083) which was ear- 
ried in a physician’s bag for one month and which originally had given nega- 
tive transfer reactions produced a positive transfer reaction at the end of 
this period. It gave a two-plus (++) reaction on a sensitized site and a one- 
plus (+) reaction at the control site. 

The ineubated solutions of 1 per cent procaine hydrochloride and of the 
potassium penicillin G showed no changes in antigenic properties and con- 
tinued to give negative passive transfer reactions. 


III. FURTHER STUDIES ON THE EFFECTS OF AGE AND TEMPERATURE 


The effects of temperature on the antigenicity of penicillin were studied 
in greater detail. Samples of the most recently prepared stocks of penicillin 
were obtained directly from pharmaceutical companies. Included among 
these were procaine penicillin G suspension (Pfizer #40190 and Lederle 
#£3865-R570), procaine penicillin G erystals (Pfizer #40748), potassium peni- 
cillin G erystals (Squibb #3M70102), potassium penicillin O (Cer-O-Cillin, 
Upjohn #CF585), and benzathine penicillin G suspension (Bicillin, Wyeth 
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#2540838). Sufficient physiologic saline was added to the crystalline prepara- 
tions to make their concentrations comparable to those of the suspensions, that 
is, 300,000 units per milliliter. The penicillin preparations were tested on 
passively sensitized sites and then divided into four parts which were stored at 
6°, 20°, 37°, and 56° C. Samples of each specimen were tested at various 
intervals during the processing period. Sterility tests were performed on 
all specimens to rule out bacterial or fungal growths as a factor in the experi- 
ments. 

It was found that procaine penicillin G erystals (Pfizer #40748), freshly 
suspended in saline, gave no positive passive transfer reactions when refrigerated 
for one month or when kept at room temperature for two weeks (Table III). 
When samples of this suspension were kept at room temperature for four 
weeks, a one-plus (+) transfer reaction was obtained. After ineubation at 
37° C., a one-plus reaction (+) was obtained at two weeks and a much stronger 
one at four weeks (-+4++). After incubation at 56° C., a two-plus (++) reaction 
was obtained at one week and a four-plus (++++) reaction at three weeks. 
Similar results were obtained under the same experimental conditions with 
two suspensions of procaine penicillin G (Lederle #3865-R570 and Pfizer 
#40190) (Table III). After ineubation at 56° C. for three weeks, procaine 
penicillin G (Pfizer #40190) produced a positive passive transfer reaction in 
saline dilutions as high as 1:1,000,000. 

Potassium penicillin G and potassium penicillin O showed no changes in 
their antigenic properties following incubation. Benzathine penicillin G 
gave a one-plus (+) reaction after incubation for one week at 56° C. In its 
original state it had produced a negative reaction. 


DISCUSSION 

Considerable evidence has now been accumulated to indicate that the 
immediate allergic shock reaction to penicillin is mediated by a reaginie mech- 
anism. We have found reagins to penicillin or its derivatives in every one 
of eleven cases which we have had the opportunity to study thoroughly. 
Some of the reported failures to find reagins in similar cases may now be ex- 
plained. One possibility previously demonstrated by us' is that reagins can 
disappear so rapidly after the occurrence of a shock reaction that passive 
transfer tests performed after an interval of several weeks give negative re- 
actions. . 

Another possible explanation is presented in this study. A nonallergenic 
suspension of fresh procaine penicillin G ean become an extremely potent 
antigen when aged or incubated for several weeks. In tests with serum M. F., 
a 1:1,000,000 dilution of incubated procaine penicillin G gave positive passive 
transfer reactions while the concentrated fresh penicillin was inactive. There 
is little doubt that the allergie shock reaction experienced by Patient M. F. 
was caused by such an altered procaine penicillin. 
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The nature of the change which occurs in the procaine penicillin molecule 
as a result of aging is not known at this time. It is of interest that the sep- 
arate components of this compound—namely, procaine and potassium peni- 
eillin G—failed to develop antigenic activity with aging. Incubated benza- 
thine penicillin G cross-reacted slightly with altered procaine penicillin G, 
while potassium penicillin O did not. It may be significant that both benza- 
thine and procaine penicillin contain two amine radicals, while the other types 
of penicillin tested contain only one such radieal. 

In view of these experiments, there is reason to question the advisability 
of storing procaine penicillin suspension at room temperature, as is now 
recommended by the manufacturers, or of keeping it in the physician’s bag 
for prolonged periods of time. During the summer months, the rear com- 
partment of an automobile, where the bag is usually kept, may act as an ineu- 
bator. Sinee the experimental evidence suggests that refrigeration of pro- 
eaine penicillin does not promote alteration of its allergenic properties, this 
type of storage would appear to be preferable. 

The above experiments also cast considerable light on the limitations of 
the present skin-testing techniques for determining the presence of an allergy 
to penicillin. A negative reaction to potassium penicillin G or to fresh pro- 
caine penicillin G does not rule out the possibility of a sensitivity to altered 
proeaine penicillin G. Under these circumstances, if tests for penicillin sensi- 
tivity are performed, the material to be injected is the test substance that 
should be employed. This subject will be discussed at greater length in a 
subsequent communication. 


SUMMARY 


1. The serum of a patient who developed an immediate allergic shock 
reaction following an injection of procaine penicillin G contained no reagins 
for potassium penicillin G or fresh procaine penicillin G. In this serum, re- 
agins for procaine penicillin G which had been altered by aging and heating 
were demonstrated. 

2. Fresh nonallergenie suspensions of procaine penicillin G became aec- 
tively allergenic after standing for four weeks at room temperature, for two 
weeks at 37° C., and for one week at 56° C. 

3. Refrigeration retarded the alteration of procaine penicillin. This 
method of storage is to be preferred to storage at room temperature or in the 
physician’s bag, as is a common practice. 

4. All allergic shock reactions to penicillin, in our experience, have been 
based upon a reaginie mechanism. 

5. There are two possible explanations for failure to demonstrate reagins 
to penicillin in such cases. Since reagins to penicillin may disappear from the 
circulation within a few weeks after a shock reaction, improper timing of the 
test for reagins may explain some of the failures. Furthermore, reagins may 
be present to altered procaine penicillin G and not to erystalline penicillin G, 
as was the case in the studies herein presented. 

We wish to express our appreciation to Chas. Pfizer & Co. and to Sharpe & Dohme, Inc., 
for providing the necessary materials. 
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OR the past few years it has been the custom for your president to address 

the Academy at this luncheon, and to report on the activities of our organiza- 
tion during the past year. Serving as president of the Academy has been a 
great privilege and the highest honor that could be bestowed upon me. Llence, 
it is with extreme appreciation and humility that I speak with you on this ocea- 
sion. 

Although the presidency of the Academy demands much of one’s time and 
presents problems, these difficulties are more than compensated for by the help 
of so many eminent and memorable people. I have certainly enjoyed this past 
vear, and I have learned a great deal about being an executive of such a large 
and outstanding organization. As you know, as president, I was privileged to 
give many scientific talks to various organizations throughout the country. This 
requires considerable preparation, and in the course of this preparation I have 
inereased considerably my knowledge of the various subjects upon which I spoke. 
It is surprising how much we take for granted. This vear also leaves me greatly 
enriched in knowledge and friendships as a result of meeting so many of you 
nice people throughout the country and exchanging ideas—knowledge and 
friendships which I would otherwise never have obtained. 

This has been a most productive and exciting year for allergy and for the 
Academy, but there was also one sad note. This was the great loss which the 
Academy suffered in the death of Dr. W. C. Spain, a secretary and former 
president of the Academy. 

I wish, at this time, to thank the members of the Executive Committee and 
all other committees for their hard work and wonderful cooperation. Without 
the efforts of all the members, and especially those of the Executive Office, the 
success of this meeting would not have been possible. Particular recognition 
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should be given to Dr. Criep and his Postgraduate Committee, the Program Com- 
mittee, and all the participants of the Postgraduate and Scientific Session for 
the fine job that has been done and is being continued through tomorrow. 

Special commendations should be given for the excellent work which your 
next president, Dr. William B. Sherman, has done as editor of the JOURNAL OF 
ALLERGY for the past six years, and to Dr. Max Samter, your president-elect, 
for his devotion and hard work as secretary of the Research Council. Both of 
these fellows are leaving their posts for other duties in the Academy. Their very 
able successors are Drs. Lowell and Matthews, respectively. 

My thanks also go to Dr. Targow, Chairman of the Host Committee, and 
Mrs. Targow, who had charge of the women’s activities, for their fine work 
in planning the interesting and enjoyable entertainment. In addition, I want 
to thank the Schering Corporation for the very nice cocktail party given last 
night. 

The presence of the large number of eminent guest speakers for both these 
sessions was made possible through a very generous grant from the Ciba Com- 
pany. 

Now, what has been so unusual in allergy this past year? 

First, it was the fiftieth anniversary of allergy. A testimonial dinner 
honoring Dr. Bela Schick took place in New York City in May, 1956. The 
Academy’s official representatives were Drs. Sherman, Chobot, and Harkavy. 

Second, it was also the fiftieth anniversary of the Food and Drug Ad- 
ministration, and a celebration of this function was held in Washington, D. C., in 
June, 1956. The Academy was one of the very few medical groups that had 
representatives there. Drs. Grafton T. Brown, Eloise Kailin, Harry S. Bernton, 
Henry Stevens, and I attended this affair. A souvenir booklet with the Acad- 
emy’s name and its representatives is in the Executive Office. All of you have 
probably seen the scientific exhibit here on the Food and Drug Adminis- 
tration. 

Third, this was the first year in which the National Institute of Allergy and 
Infectious Diseases, as such, was activated. After considerable “politicking and 
lobbying” by many interested persons, including your president and several 
members of the Academy, the extramural budget of this Institute was increased 
from approximately $2,250,000.00 to more than $8,000,000.00. (This was very 
exciting business.) What has happened to this money? In a report received 
from Dr. Karel, chief of Extramural Programs, as of Dee. 11, 1956, $8,762,298.00 
for 761 grants had been allocated by the Institute for research in universities, 
medical schools, schools of public health, hospitals, and other institutes. Of this 
amount, $1,131,142.00 for seventy-three grants was given for research work in 
allerey. This was 9.6 per cent of the total number of grants, but 13 per cent 
of the total amount of money. This is considerably more money than had ever 
been spent previously for research in allergy. As you know, this same Institute 
deals with many other specialties, including infectious diseases, parasitology, 
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serology, tropical medicine, virology, and immunology. Hence, allergy is cer- 
tainly getting its fair share from the Institute. If we were to add the additional 
$3,000,000.00 approved for grants in immunology and subjects related to allergy 
(in all forms), we would have over $4,500,000.00 for research in allergy and 
immunology. 

The individual grants in allergy, which varied from $1,150.00 to $64,000.00, 
covered subjects of all types, from enzyme chemistry to air-borne allergens. 
Certainly, research in allergy has made a step forward, and much should come 
of all this. 

In addition to the extramural grants of the National Institute of Allergy 
and Infections Diseases, an intramural program was started on Jan. 1, 1957. 
Dr. Jules Freund is chief of the Laboratory of Immunology. At present there 
are twelve staff members, but a sizable increase will be made next year. The 
present studies are with fundamental problems related to hypersensitivity. As 
the program develops, studies will be made in elinical allergy and other areas, 
such as immunochemistry and nonspecifie mechanisms. 

Although this is all very wonderful news, I feel that medicine, our spe- 
cialty included, should not be completely subsidized by and dependent on the Na- 
tional Government. Private sources of funds for research and investigation 
should still be sought through various industries and foundations. We all have 
a stake in this. There should be a close liaison between the publie funds and 
private organizations. We are fortunate, indeed, that we have such a liaison 
unit in the American Foundation for Allergic Diseases. 

Fourth, during the past vear the Academy gave another $2,500.00 in sup- 
port of the American Foundation for Allergic Diseases. Besides engaging in 
publie education by the publishing and distribution of the excellent booklets on 
hay fever and asthma and other lay literature, the Foundation this vear has 
(1) made a survey of undergraduate and graduate training in allergy in our 
medical schools; (2) granted ten $500.00 stipends to medical students during 
the past summer for work in clinical allergy and in the basie sciences related 
to allergy; and (3) awarded two predoctoral fellowships of $2,500.00 and one 
$1,500.00 part-time fellowship. 

The Foundation has many excellent plans for the future with regard to 
publie education, training of medical students and graduates in allergy, fellow- 
ship training in allergy, patient care, and research. 

Fifth, the Joint Committee on Certification, which has been under the very 
stimulating leadership of Dr. George Piness for so many years, deserves the 
utmost gratitude from the entire membership. They appeared before the Ad- 
visory Board of Medical Specialties in February, 1956. This Board recom- 
mended the formation of an Advisory Council in Allergy, made up of three 
representatives from the Sub-Board of Allergy in Internal Medicine, three from 
the Sub-Board of Allergy in Pediatries, a representative of the Academy, a 
representative of the College, and one from the Section of Allergy of the A.M.A., 
if and when established. (I might add that there were over twenty good ab- 
stracts presented for consideration for the Session on Allergy for the A.M.A. 
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this year. Certainly, we would have ample material for a section rather than a 
session.) The funetion of this Advisory Council in Allergy is to study the 
advisability of an independent Board of Allergy within the framework of the 
Board of Medical Specialties. This, in our opinion, is a very encouraging step 
toward our goal. 

Sixth, the problem of amalgamation is undergoing very careful studies by 
a joint committee of the Academy and the College. There are many problems, 
and consequently progress is very slow. As many of you remember, it took 
many years for our two parent societies to form our present Academy. 

Another item of interest in the activities of the Academy was the Third 
European Congress of Allergology and the formation of the European Academy 
of Allergy in Florence, Italy, in September, 1956. This Congress was attended 
by Drs. Bram Rose and Leslie Gay, as representatives of the American Academy 
of Allergy. 

We are very fortunate in having with us Dr. Halpern, of Paris, France, 
and Dr. Samuel Feinberg, president-elect and president, respectively, of the 
International Association of Allergology. As you know, the next meeting of this 
organization will be held in Paris, France, in October, 1958. Make your plans 
now to attend, so that tne Academy will have a good representation there. 

Perhaps we have been spending too much time on the political and organi- 
zational phases of allergy, and not enough time on some very practical and 
fundamental scientifie problems that have been left unanswered for many years. 
Should we not re-evaluate the specialty of allergy? 

You all heard Dr. Brown’s excellent review of the history of Allergy this 
morning. What have we, as allergists, contributed in the last few vears toward 
a better understanding of many allergic problems? True, the advent of the 
antihistaminies and then of the corticosteroids has helped to relieve more pa- 
tients, but as yet these substances have not helped us with the basie problems. 
(We do not even know how the steroids and antihistaminies work!) 

A few months ago I was the guest speaker at the twentieth anniversary 
observance of the Michigan Allergy Society. At this dinner the seeretary re- 
viewed the topies that were discussed over this twenty-year period: (1) allergy 
and infection—the problem of bacterial allergy; (2) the role of psychiatry and 
allergy; (3) atopie eezema; (4) the postragweed season syndrome; (5) drug 
allergy; (6) food allergy—value of skin tests versus elimination diets. 

We are still discussing these same subjects without much more knowledge 
today. | 

Extravagant claims and unusual procedures have often brought justifiable 
criticism of our specialty. What are some of our common and practical prob- 
lems that make the field of allergy so bewildering and, to the outsider, so mysti- 
fying? I shall try to mention what I feel should be strived for in order to 
“elean up our own house.” 

1. Standardization of Nomenclature.—This is one of the most important 
basic problems in allergy. In the field of allergy, there has been a great deal 
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of difficulty in getting qualified experts to agree on this and other related sub- 
jects. During the past year, a committee headed by Dr. Lowell was appointed 
to study a method of nomenclature for only one condition, namely, bronchial 
asthma. So far, there have been as many divergent opinions as there have been 
members of this committee. Multiply this by the number of persons interested 
in allergic conditions and by the various allergic conditions which they treat, 
and you see that we really have a “Tower of Babel.” We do not have a com- 
mon language in our specialty. 

2. Standardization of Extracts —As you all know, we have no accepted 
standard for poteney of extracts. True, several years ago the Academy recom- 
mended that the phosphotungstie acid nitrogen unit be used as a temporary 
standard, but it has not been universally used or accepted. Many still use the 
weight-to-volume standard; others use the total nitrogen; and still others em- 
ploy the so-called Noon unit. The various commercial houses also use varied 
methods of standardization for potency. Of course, we all know that an abso- 
lute standardization cannot be made until we have determined the active prin- 
ciple, and a chemical test is probably not the answer to this problem. Some 
biologic assay will undoubtedly be the best means of approaching this problem. 
In 1939, in an article published in the JOURNAL OF ALLERGY on assay of pollen 
extracts, it was recommended that the in vitro neutralization technique of reagin 
be used as a possible means of standardization. This, of course, would require 
a standard pooled, lyophilized reagin for each of the many allergens used. 
This makes it impractical. The natural question to ask regarding this method 
is: “Is the neutralization property of the extract a measure of its allergic 
potency?” 

Other biologie assays have potential possibilities. Could the inhibition of 
precipitin tests with an antiragweed rabbit seurm used as an indicator or the 
inhibition of complement fixation be utilizable for this purpose? Even more 
recently, hemagglutination studies of human sera by direct means and _ inhibi- 
tion studies of antiragweed rabbit sera with human atopic sera have been pur- 
posed as possible means of standardization by Coombs and his co-workers in 
England. We, in Buffalo, have also been working on this problem of hemag- 
elutination and hope to contribute some data in the future. Again, however, 
is the hemagglutinating property of the antigen the same as its clinical potency? 
You will hear a report on hemagglutination from Dr. Rose and his group to- 
morrow morning. 

Very recently, Dr. Rose Augustin, of the Wright-Fleming Institute in Lon- 
don, has reported on the use of diffusion gel technique for standardization of 
pollen extracts. 

3. Standardization of Skin Tests—To add further to our present state of 
confusion, we do not even agree on methods of skin testing. The clinics and 
clinicians in the Eastern part of the United States, for the most part, use intra- 
dermal tests almost exclusively. However, others in the Midwest, South, and 
Far West always screen first with scratch tests. These latter proponents feel 
that the intradermal tests are not safe and give many false-positive reactions. 
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You will hear Dr. Sherman’s report in answer to this tomorrow. The intra- 
dermal advocates claim that with serateh or prick tests alone one might miss 
some very important diagnostie points. 

4. Standards for Preparation of Allergens ——Our methods of preparation 
of allergens are indeed variable. Among the various extracting media, buffered 
saline solutions, glycerinated extracts, and dextrose extracts have many advo- 
cates. In a recent survey by the Food Committee of the Research Council of 
the Academy, it was found that the preparation of food extracts varies con- 
siderably from elinie to clinic. With all of these disputable points, it is very 
difficult to set up standards for strength of materials for skin testing and for 
schedules of dosage for treatments. 





5. Standardization of Treatment.—Another variable is in the amount of 
treatment given. Some like small intracutaneous injections and, at the opposite 
extreme, others prefer massive subeutaneous dosages. What do we do when 
we give specific hyposensitization therapy? Are we satisfied that the production 
of a blocking antibody is the whole story? These problems, of course, are very 
practical. A patient transferring from one city to another for continual treat- 
ment, or to another physician in the same city, cannot receive uninterrupted 
care unless the first physician supplies the patient with the material he has been 
receiving. These are some of the mystifying aspects to which our nonallergy 
colleagues object. 

I would like to see, as I am sure all of vou would, a group of the above 
standards set up on some temporary basis, until the actual problems are solved 
so that we can all be speaking the same language. Standards such as those set 
up by the American Heart Association would be most welcome for our specialty. 
This could be started by our own committee of the Academy, which then could 
work with committees of such similarly interested groups as the College, the 
Foundation, and the Institute. 


I have dwelt at great length on this problem because I feel that it is one of 
the functions of the Academy to organize our views in allergy. 

There are many other clinical problems which need very urgent attention. 
We, as physicians, must primarily relieve pain and suffering, as well as prevent 
them. It should be the function of the Aeademy to exchange information and 
knowledge on all problems related to allergy. 

Perhaps the reason that we are not making much progress with the prob- 
lems of a clinical nature and those of standardization mentioned earlier is that 
we need new and different approaches to help us with our difficulties. One 
reason why we invite men in allied fields to talk to us is that, perhaps, we can 
utilize their knowledge and techniques to further advance our own specialty. 
We must look not only to the basic sciences, but also to the careful observa- 
tions of our clinicians for solutions to these problems. 

Recognition of our specialty as an entity of its own within the framework 
of organized medicine should be achieved within a few vears. Let us deserve 
it! The opportunities for investigation are multiple and the exploration of these 
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problems has been made more attainable through help from the National In- 
stitute of Allergy and Infectious Diseases, the Foundation for Allergic Dis- 
eases, and other private funds. Let us all take advantage of these opportunities 
to help put allergy in its rightful place in medicine. The scope of the allergist 
will be broadened as we learn more about the collagen diseases, kidney disease, 
rheumatic fever, tissue sensitivity, ete. 

I trust that this message is taken in the spirit in which it is given—not as 
a reprimand or criticism of our specialty, but rather as a self-analysis, as I see 
it, and as a challenge for all of us. 





Erratum 

In the March issue, in the article entitled ‘‘Sensitivity to Hair Dyes’’ by 
Reiss, Gahwyler, and Lustig, the last sentence on page 139 should read: ‘*Of 
the eight persons found sensitive, four (0.39 per cent) reacted only to the 
black hair dye based on paraphenylenediamine, three (0.29 per cent) reacted 
only to the black hair dye containing paratoluylenediamine, and one (0.10 
per cent) reacted to hoth dyes.’’ Also, the name of the second author is Max 
Gahwiler instead of May Gahwyler. 
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HISTORIAN’S REPORT 


HE thirteenth annual meeting of the American Academy of Allergy was 

held at the Hotel Statler, Los Angeles, California, Feb. 4, 5, and 6, 1957. 
This was preceded by a preconvention scientific assembly on February 2 and 3. 

There were 105 members, 154 Fellows, and 183 guests in attendance. Nine 
eame from Canada, two from Cuba, one from Finland, one from France, one 
from the Canal Zone, one from Hawaii, and one from Mexico. Approximately 
300 ladies registered. There were 166 exhibit personnel staffing the forty-five 
commercial exhibits. There were eight scientific exhibits. 

The scientific program was composed of thirty-one papers by Academy mem- 
bers and others representing original work in both investigative and clinical 
allergy. One of these was given by Bernard N. Halpern, an Honorary Fellow, 
from Paris. There were addresses by Peter H. Forsham, M.D., University of 
California School of Medicine (“The Dynamies of Adrenal Cortical Activity in 
Man and Their Relation to Hypersensitivity”) ; Russell Weiser, M.D., University 
of Washington School of Medicine (“Mechanisms of Immunologie Tissue In- 
jury”); George W. Beadle, Ph.D., D.Se., California Institute of Technology 
(“The Genetic Basis of Biological Specificity”); Dr. Ethan Allan Brown, Presi- 
dent, American College of Allergists (“The Changing Picture of Allergy”); 
John R. Cann, M.D., University of Colorado Medical Center (‘Biophysical 
Characterization of Reaginie and Blocking Sera”); and Irving Gordon, M.D., 
University of Southern California School of Medicine (‘‘Identifieation of Anti- 
gens and Cells by Means of Antibodies”). The appearance of the guest speakers 
on the program was made possible by a grant from Ciba Pharmaceutical Prod- 
ucts, Ine. The program also included the report of the Committee on Drugs 
of the Researeh Council. 

At the Business Meeting forty-nine New Members and one Affiliate Fellow 
were elected; twenty-nine Members were advanced to Fellowship, and David W. 
Talmage, M.D., was elected directly to Fellowship. The following officers were 
elected : 

William B. Sherman, M.D., President 

Max Samter, M.D., President-Elect 

Marion B. Sulzberger, M.D., Vice-President 

Francis C. Lowell, M.D., Secretary 

George I. Blumstein, M.D., Treasurer 

Homer A. Howes, M.D., Historian 

Edmund L. Keeney, M.D., Wember Executive Comnuttee 


New business included modification of the Constitution to clarify the vari- 
ous classes of membership and action to merge the work of the Sub-Committees 
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on Undergraduate and Graduate Education into one Sub-Committee to provide 
a more effective means of encouraging teaching in allergy. 

The meeting was a very pleasant one. The weather was ideal, with warm, 
sunny days. Great thanks are due Dr. and Mrs. A. M. Targow, who served as 
Chairmen of the Committee on Local Arrangements and the Hostess Committee. 
The Los Angeles Allergy Society gave a cocktail party and reception at the Hotel 
Statler on Sunday, February 3. The Schering Corporation’s cocktail party was 
held on Monday, February 4. There was a dinner-dance on Tuesday, February 
5, at Sportsmen’s Lodge. 

Following the Los Angeles meeting, fifty-three members went on to a spe- 
cial Honolulu session, held Feb. 7 to 19, 1957. 

The fourteenth annual meeting of the Academy will be held at the Bellevue- 
Stratford Hotel, Philadelphia, Pennsylvania, Feb. 3, 4, and 5, 1958. 


Homer A. Howes, Historian 
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Editorial 


TWENTY-EIGHT YEARS 


R. WILLIAM B. SHERMAN resigned as editor of the JouRNAL oF ALLERGY 
D in February, 1957, having sueceeded Dr. Harry L. Alexander in 1950. 
The readers of the JouRNAL owe Dr. Sherman a debt of gratitude for the excel- 
lent job he has done. 

As Dr. Alexander notes in an editorial entitled ‘‘Twenty Years,’’* the 
first issue of the JouRNAL appeared in November, 1929, at the time when the 
bright prospects of the ‘‘twenties’’ were toppling. A brief announcement on 
page | set forth the raison d’étre of the JouRNAL and then, with praiseworthy 
candor, grappled with the ever-present problem of what is meant by the word 
‘‘allergv.”’ In using the word, the editors recognized that ‘‘it does not possess 
an established meaning in scientific usage’’ and they would accord to it a 
meaning ‘‘which corresponds with current medical usage,’’ to wit, ‘‘conditions 
of specific hypersensitiveness exclusive of anaphylaxis in lower animals.’’ The 
announcement was then followed by articles on asthma, the incidence and dis- 
tribution of pollen and an airborne insect allergen, bacterial allergy, histo- 
pathology of nasal allergy, and classification of specific hypersensitiveness. 
Similar titles were destined to reappear in the JouRNAL many times in the 
future. 

The lean years of the depression which followed the appearance of the first 
issue were lean years for the JouRNAL as well, but it survived. Until 1950, 
under Dr. Alexander’s able guidance, and then under that of Dr. Sherman 
until February of this year, the JouRNAL has thrived and should continue to 
thrive in the future. It is fitting at this time to acknowledge Dr. Alexander's 
courage and wisdom in overseeing the JOURNAL’s birth and growth and to 
express appreciation and thanks to Dr. Sherman for his role in expertly guiding 
its further development. 


*Journal of Allergy 20: 461, 1949. 
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Announcements 


THIRD INTERNATIONAL CONGRESS OF ALLERGOLOGY 
Paris, FRANCE, OcTOBER 19-25, 1958 


The Scientific Program will be composed of: 


I. Symposia by invited international authorities on such topics as Asthma and Emphy- 
sema, Physio-Chemical Properties of Allergic Antibodies, Recent Advances in Phases of 
Clinical Allergy, Biochemical Aspects in Hypersensitivity, Round-Table Conference on Auto- 
Immune Reactions, Allergy Management and Problems in Different Parts of the World (in- 
eluding socio-economic aspects), and Demonstration of Special Techniques in Clinical and 
Experimental Allergy. 

II. Short (ten-minute) papers on any phase of allergy to be presented at sectional 
meetings. Those in the United States and Canada who wish to present a short paper should 
mail title and abstract (100 to 200 words) to Dr. S. M. Feinberg, President, I. A. A., North- 
western University Medical School, 303 E. Chicago Ave., Chicago 11, Illinois. Those from 
other countries should mail abstracts to Dr. Bernard N. Halpern, 197 Boulevard St. Germain, 
Paris VII°, France. 

A postconvention medical tour is also being planned. 

The social aspects of the Congress will be attractive, including a reception and cocktail 
party at the Louvre Museum, an evening at the opera (ballet), conducted tours in the sur- 
rounding country on the social day, and a farewell party at the Medical School. 

The meeting will be held at the new Medical School, which has ample facilities and 
modern acoustics; a fovr-language interpreter phone system will be used. Steps are under 
way to obtain reduced transportation fees. Travel arrangements will be announced later. 

For information on local arrangements, ete., write to Dr. Bernard N. Halpern (President- 
Elect), 197 Boulevard St. Germain, Paris VII°, France. 

For general information, write to Dr. José Quintero Fossas (Secretary-General), Paseo 
313, Vedado, Havana, Cuba. 

For any other additional help or information, write to Dr. Feinberg. 

You are assured of an interesting scientific and social experience. 


URUGUAYAN SOCIETY OF ALLERGOLOGY 
The following officers have been elected for 1957: 


President: Prof. Dr. Benigno Varela Fuentes 
Vice-President: Dr. Pablo Recarte 
Secretary: Dr. Julio A. Moretti 
Pro-Secretary: Dr. Jorge Vidart Megget 
Treasurer: Dr, Juan C. Dighiero 
Pro-Treasurer: Dr. Luis A. Martinez Bula 
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Obituary 


RALPH M. MULLIGAN 


ALPH M. MULLIGAN, Reading, Pennsylvania, was fatally injured in an 

automobile accident on Feb. 25, 1957. 

Dr. Mulligan was Allergist and Chief of Medicine at St. Joseph’s Hospital 
in Reading, Pennsylvania. He also served as Secretary-Treasurer of the Penn- 
svlvania Allergy Association over a period of ten vears. A jovial and fun-loving 
person, Dr. Mulligan was well known to practically all the members of the Amer- 
ican Academy of Allergy. 

Ile was born in Uniontown, Pennsylvania, in 1904. After earning a bache- 
lor’s degree at High Point College in North Carolina, he graduated from the 
Medical College of Richmond, Virginia, in 1934. That same vear he became an 
intern at St. Joseph’s Hospital in Reading; he also took his residency there. 
Four years later he entered the field of allergy while attending the University 
of Pennsylvania Medical School. He furthered his education in allergy by tak- 
ing courses at the Roosevelt Hospital in New York City. 

He was a member of the Berks County Medical Society, Pennsylvania Medi- 
‘al Society, the American Medical Association, the Pennsylvania Allergy Asso- 
elation, the Philadelphia Allergy Association, and the International Corre- 
spondence Club of Allergy. Ile was a Fellow of the American Academy of 
Allergy and a Fellow of the American College of Allergists. 

Just as impressive as his medical background was his participation in sports 
activities, both in Berks County and on a nationwide seale. He was a well- 
known personality in basketball and track cireles. 

The officers and members of the Academy extend their sincere sympathy 
to Dr. Mulligan’s wife, Florence; his 19-year-old daughter, Sheila; his 17-vear- 
old son, James C.; and his 12-vear-old daughter, Beth. 


S, D. x 
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Book Reviews 


The Physician-Writer’s Book. By Richard M. Hewitt, A.M., M.D. Philadelphia and 
London, 1956, W. B. Saunders Company. 415 pages, 37 figures. Price, $9.00. 


sv his Hippocratic oath, the physician is sworn to share fully his professional knowl- 
edge with his colleagues and students. He is further encouraged by the tendeney of 
medical groups to judge his professional ability as much by his published works as by 
deeds performed in his practice. For these and perhaps occasionally more selfish reasons, 
physicians are producing an increasing volume of writing, the publication of which requires 
a number of medical journals now estimated to total 4,512. 

The average quality of this tremendous volume of written material is better known 
to the editors who see it in its pristine state than to the readers who receive it after some 
of the worst has been eliminated and the more obvious defects of the remainder amended. 
While the content is more important than the form, Alan Gregg has expressed the belief 
that the level of medical and scientific writing constitutes the most serious internal limita- 
tion to medical education and reseach, 

Dr. Hewitt, who as senior consultant in the Section on Publications of the Mavo 
Clinie, has given editorial aid to many authors, writes this book in the hope of improving 
this state of medical writing. He guides the physician-writer from the decision of whether 
to write at all, through the intricacies of planning, writing, and illustrating the manuscript, 
to the procedure for obtaining a copyright on the finished product. 

Since medical writers usually gain their audiences through professional rather than 
literary ability, there are few who would not benefit from careful study of this book. 
Editors of medical journals would welcome its inclusion among the texts prescribed in 
medical schools. 

While it contains an abundance of valuable advice and information, this book, like 
many other medical writings, falls somewhat short of perfection. Since it is chiefly in- 
tended for the physician who does not have access to the services available at the Mayo 
Clinie, a book of this size might well devote more consideration to illustrations and to 
statistical methods. Some readers may feel that the author’s comments on brevity and 


unity are more valuable than his own example in following them. 


Allergy and Asthma. The Relationship Between Allergy and the Autonomic Nervous 
System Especially the Parasympathicus. By Masuichi Takino, M.D., and Yoshitada 
Takino, M.D. Tokyo, 1956, Maruzen Company, Ltd. 


More than forty vears have passed since Eppinger and Hess* described a form of 
neurosis which they called “vagotonia.” Their theory was that the vagus nerve, which 
supplies autonomic stimulation to the internal organs, and the fifth trigeminal nerve were 
overactive and so gave rise to one or more of a series of typical symptoms which could 
develop in “vagotonic” persons. The symptoms included flushing of the skin (with hot, 

*Vagotonia: A Clinical Study in Vegetative Neurology by, Dr. Hans Isppinger and Dr. 
Leo Hess of Vienna. Authorized translation by Krans, W. M., and Jelliffe, S. E., New 
York, 1917, Nervous and Mental Disease Monographs. 
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red hands), sweating, stuftiness of the nose, widening of the palpebral fissure (with dila- 
tation of the pupil), slowing of the heartbeat, spasm of the bronchial muscles, salivation, 
spasm of the esophagus, intestinal cramps, and a tendency to diarrhea, any or all of which 
could be explained by a chronic overstimulation of one organ or another. 

In many patients with asthma, bronchospasm is the only evidence of “vagotonia,” 
and it would be unreasonable to apply the theory to all eases. Furthermore, granted that 
an overactive vagus is important, one must still explain why this vagus is overstimulated. 


, 


We can even consider that “vagotonia” is more an effect than a cause of the fundamental 
process. 

Be this as it may, the fact remains that in this day, when approaches to the problems 
of allergy and asthma are so obscure, the two doctors Takino have done well to remind us 
that disturbances of the autonomic nervous system should be included in our thinking. 

, 


Their 222-page book deals with the theory that increased “tension” of the “parasym- 


pathicus” (by which they mean, apparently, an overactivity or hyperirritability of the 


greater vagus system) can explain the symptoms. 


, 


This “tension” can be general or local; it can vary from day to day, or even from 
hour to hour; and it can shift from one organ to another. This change is the important 
item. Whereas the theory cannot be proved, it is suggested by the alternation of symp- 
toms. It is observed that allergic disease in one organ inhibits disease in another organ. 
For example, asthma appears when eczema subsides. The authors believe that the “tension” 
is all important, and their whole theme is built around that concept. 

The local parasympathetic tension alternates with the general tension. The tuberculin 
skin test becomes weaker in the presence of severe asthma because the “skin parasym- 
pathicus” loses its tension. Food allergens which produce asthma because the lung tension 
is high do not produce digestive symptoms, because the gastrointestinal tension is low. 
Pilocarpine excites the nerve endings of the parasympathicus; it raises the tension, and 
it causes bronchospasm (asthma) even in normal persons. 

When the atomie bomb was exploded over Hiroshima, 212,000 people were killed and 
100,000 were injured. Professor Uragi found forty-five asthmatic patients who had been 
exposed, and when seven of these developed keloids after their burns they became free 
of asthma (the skin parasympathicus had been stimulated). Likewise in leprosy, the skin 
lesions of the trophoneurotie type have a curative effect on the asthma which may occur 
occasionally in the same patient. 

There are three tests by which vagotonia or increased tension of the parasympathicus 
can be recognized: (1) Czermak’s test, which consists of pressing on one or both earotid 
sinuses with the finger to produce slowing of the pulse, dizziness, deep breathing, and even 
syncope and suffoeation; (2) Aschner’s test, in which pressure on the eyeballs causes slow- 
ing of the pulse (in only seven out of 200 cases, however, did this test produce asthma) ; 
and (3) the response to stroking the skin where a red line, or especially a raised line, 
produces dermographia in patients with a “high tension of the skin parasympathicus.” The 


authors claim that since “dermographia rubra” is strong in tuberculosis, the fact shows 
that the tension of the skin nerve inhibits the tension of the lung parasympathicus to 
make asthma rare in this disease. 

Treatment of asthma depends chiefly upon raising the tension of the “skin parasvym- 
and for this the authors have 


, ” 


pathicus,”’ so as to inhibit the “lung parasympathicus, 
three preparations which can be injected into the skin to set up a local skin reaction. Un- 
fortunately, the methods of manufacture are not described, but the general principles are 


set down: 


Asthremedin consists of “denatured protein ingredients taken from the 
inoculated tissue with the living virus of the cowpox lymph.” 

Neurotropin is a “conjugated polysaccharide taken from the inoculated 
tissue with living virus of cowpox lymph.” 

Florads is the “effective component taken from the fluorescent microbe 
which lives in the sea.” 
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Asthremedin is the most used. It is injected intradermally two or three times a 
week, and the treatment may be continued indefinitely, sometimes for three years. If 
Asthremedin in its “Number 2” dilution causes no local reaction, the Neurotropin is sub- 
stituted. Florads may be added later, for this is a ‘‘ preventive medicine. ’’ 

Forty-five of ninety-three cases of bronchial asthma have been “completely cured,” 
but the duration of follow-up is not stated. If these remedies fail, then, as the authors 
state, ‘‘ ACTH or Cortisone is very useful.’’ But just how the action of these steroid hor- 
mones fits in with the nerve tension theory is not discussed. 

As a whole, the book contains too much repetition; the material could be condensed 
into at least one-third of the present space. At the end are three additions: The first 
comprises five short papers by other doctors who have used Takino’s remedies with success. 
The second is a paper by M. Takino himself, entitled, ‘‘The Importance of the Natural 
Healing Process for the Cure of Asthmatie Children,’’ 
of the parasympathetic system and its “self regulation.” The third addition is a résumé, 
four pages long, which deseribes the whole book in short readable style, and this résumé 


which again dwells on the importance 


is repeated in French, German, and Spanish translations. 

The book suggests an interesting theory about allergy and asthma. Since the whole 
problem is so difficult and the approach is so obscure, it is not surprising that objective 
support for the theory of “nerve tension” is hard to find. The reader would like more 
discussion of the effects of varying “tensions 
too, will have to await further study. 

Meantime, treatment with Asthremedin helps some patients, just as nonspecific 
therapy of other varieties helps other patients. Whether or not the theory of shifting 
nerve tension is the best explanation for the good effect of treatment requires comparison 


” 


on antigen-antibody reactions but this, 


with such older observations as the effect of fever on immune processes, the saturation of 
antibodies by nonspecific means, or the so-called “anamnestic reaction.” This reviewer 
gains the impression that the book was completed just a little too soon. 


F. M. R. 





